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FOREWORD 


Research  on  sugarcane  in  the  Louisiana  Agricultural 
Experiment  Station  is  an  integral  part  of  the  LSU  Agricultural 
Center's  research-extension  effort  to  provide  the  knowledge 
and  technology  base  for  efficient  production  and  processing  of 
sugarcane.  Sugarcane  research  projects  are  lead  by 
scientists  in  the  Sugar  Station/Audubon  Sugar  Institute,  and 
the  departments  of:  Agricultural  Economics  and  Agribusiness, 
Agricultural  Engineering,  Agronomy,  Entomology,  and  Plant 
Pathology  and  Crop  Physiology. 

Members  of  the  Louisiana  Agricultural  Experiment  Station 
maintain  close  working  relations  with  colleagues  in  respective 
departments  of  the  College  of  Agriculture  and  other  colleges 
of  the  LSU  Baton  Rouge  campus,  the  Louisiana  Cooperative 
Extension  Service,  the  Agricultural  Research  Service  and  Soil 
Conservation  Service  of  the  USDA,  the  American  Sugar  Cane 
League,  and  the  Louisiana  Department  of  Agriculture. 

A  major  portion  of  the  resources  for  production  and 
processing  research  are  linked  to  the  St.  Gabriel  Research 
Station  and  Sugar  Station/Audubon  Sugar  Institute 
respectively.  The  Iberia  Research  Station  helped  to 
accomplish  specific  sugarcane  research  objectives  in  1989. 

An  important  part  of  the  1989  research  effort  was 
conducted  on  cooperating  farms  and  in  cooperating  factories 
throughout  the  industry.  The  dwindling  of  the  farm  labor 
supply  has  been  making  the  evaluation  of  location  effects  and 
location  interaction  effects  increasingly  difficult.  However, 
these  evaluations  are  very  important  and  must  be  continued. 
The  cooperation  of  individual  farms  and  sugarcane  factories  in 
conducting  research  projects  and  financial  support  of  the 
American  Sugar  Cane  League  is  gratefully  acknowledged. 
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Sugarcane  Research  Report  for  1989 

Arthur  M.  Heagler,  Brian  A.  Chapman  and  Ralph  D.  Christy 
Department  of  Agricultural  Economics  and  Agribusiness 

Annual  Projections  of  Costs  and  Returns  from  the  Production  of 
Sugarcane: 

The  Department  of  Agricultural  Economics  and  Agribusiness  Farm 
Management  Committee  issued  its  1990  Sugarcane  Costs  and  Returns  in 
December.  The  budgets  were  published  with  the  Department's  AEA 
Information  Series  No.  82.  Cost  projections  were  marginally  higher 
reflecting  continued  refinement  of  projection  technigues  and  small 
increases  in  producers  input  prices.  Cost  estimates  were  presented 
on  a  per  acre  basis  (Table  1)  .  More  finite  soils  and  area 
descriptions  for  certain  production  activities  were  added  to 
provide  users  a  more  flexible  and  reliable  data  set.  A  whole  farm 
cost  analysis  may  be  developed  by  multiplying  the  cost  of  each 
activity  as  shown  in  Table  1  by  the  number  of  acres  on  which  each 
activity  was  performed. 

The  procedure  for  estimating  costs  associated  with  the  1990 
planting  options  were  based  on  the  following  assumptions:  Cultured 
seed  cane  was  purchased  from  a  supplier  and  planted  with  a  planters 
aid:  Seed  propagated  from  cultured  seed  was  planted  with  a 
planters  aid  with  one  acre  of  seed  planting  10  acres  of  prepared 
land:  Field  run  seed  cane  was  planted  with  a  mechanical  planter 
with  one  acre  of  seed  planting  five  acres  of  prepared  land. 
Harvesting  and  transportation  cost  estimates  were  based  on  yields 
of  30  tons  per  acre  and  an  average  one-way  haul  of  seven  miles. 

Updating  Processor  Survey  Data: 

The  department's  annual  survey  of  the  state's  raw  sugar 
manufacturers  was  continued  in  1989.  Nineteen  of  the  twenty 
factories  producing  raw  sugar  cooperated  in  the  survey.  The 
database  serves  as  the  basis  for  continuing  assessment  of  this 
segment  of  the  sugar  industry. 

Reassessment  of  the  economic  value  associated  with  the  control  of 
RSD  in  sugarcane 

A  paper  presented  at  the  1989  Inter-American  Sugar  Cane 
Seminars  indicated  the  economic  benefit  associated  with  the  control 
of  RSD  was  similar  to  that  identified  in  a  1982  study.  Producer 
use  of  RSD  control  measures  increased  from  50  percent  in  1981  to  90 
percent  in  1988.  Acreage  harvested  from  RSD  control  program  seed 
sources  increased  from  50  percent  in  1981  to  over  90  percent  in 
1988.  The  net  present  value  of  an  investment  in  heat  treatment  to 
control  RSD  is  $15.26  per  dollar  invested.  That  portion  accruing 
to  the  grower  is  $12.66  per  dollar  invested. 


Table  1.  Summary  of  Estimated  Costs  per  Acre  for  Selected 
Sugarcane  Production  Activities,  Louisiana,  1989  and 
1990. 


Activity 


Fallow  Program 

Seedbed  Preparation 
Sand,  River 
Clay,  River 
Sand,  Teche 
Clay,  Teche 


Direct  Cost   Fixed  Costs   Total  Costs 
1989    1990   1989    1990    1989    1990 


dollars  

31.67      32.50    20.26      20.26      51.93      52.76 


39.15  40.32  23.81  23.81 

39.15  31.17  23.81  18.24 

63.58  64.81  23.91  23.91 

63.58  55.66  23.91  18.34 


62.96  64.13 

62.96  49.41 

87.49  88.72 

87.49  73.99 


Planting  Seed  Cane 

Field  Run  79.33   82.60  37.77  37.77  117.10  120.37 

Cultured  Seed  Cane         581.00   41.78   622.78 

Propagated  Cultured  Seed  204.19  198.79  41.78  46.23  245.97  245.02 


Plant  Cane 

River 

140.34 

153.12 

28.85 

Teche 

166.94 

166.85 

28.78 

1st  Stubble 

River 

140.34 

153.12 

28.85 

Teche 

166.94 

166.85 

28.78 

2nd  Stubble 

River 

145.40 

165.37 

28.85 

Teche 

172.00 

179.10 

28.78 

Harvesting 

1  Row  Direct 

Haul 

81.08 

66.60 

59.16 

1  Row  Transload 

56.41 

74.09 

40.64 

2  Row  Direct 

Haul 

77.73 

63.12 

61.63 

2  Row  Transload 

53.07 

70.57 

42.84 

Overhead 

39.22 

39.86 

13.44 

27.43  169.20  180.55 
28.78  195.72  195.63 


27.43  169.20  180.55 
28.78  195.72  195.63 


27.43  174.25  192.80 
28.78  200.78  207.88 


47.82  140.24  114.42 
40.38  97.05  114.48 
50.02  139.09  113.13 
42.56   95.90  113.14 

6.69   52.66   49.55 


Factors  Affecting  the  Profitability  of  Louisiana  Raw  Sugar 
Manufacturers 

Numerous  studies  of  market  channel  structure  indicate  long 
term  or  strategic  planning  by  marketing  oriented  firms  dealing  with 
agricultural  commodities  declines  as  one  moves  from  the  consumer  to 
the  producer.  This  study  utilized  nine  years  of  physical  and 
economic  data  from  15  Louisiana  raw  sugar  factories  in  an  effort  to 
identify  those  factors  that  play  a  significant  role  in  affecting 
profitability.  Stepwise  regression  was  used  to  identify  those 
physical  and  economic  variables  with  statistical  as  well  as 
strategic  significance  that  were  correlated  with  net  returns. 

These  variables  provide  owners  and  managers  of  Louisiana  raw 
sugar  factory  resources  a  set  of  choice  indicators  that  may  be  used 
with  other  information  to  develop  administrative  plans  and 
scenarios  that  address  both  short  and  long  term  business 
objectives. 
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SUGARCANE  RESPONSE  TO  SUBSURFACE  DRAINAGE  IN  1989 

A  PROGRESS  REPORT1 

Cade  E.  Carter,  J.  L.  Fouss,  and  J.  S.  Rogers2 
USDA,  Agricultural  Research  Service 

Abstract: 

Field  studies  to  determine  yield  response  of  sugarcane  to 
subsurface  drainage  at  four  locations  in  Louisiana  in  1989 
demonstrated  that  subsurface  drainage  increased  cane  and  sugar 
yields  on  silt  loam  and  silty  clay  loam  soils  but  not  on  silty  clay 
soil.  Subsurface  drained  silty  clay  loam  soil  yielded  38.1  tons 
of  cane  and  7,341  pounds  of  sugar  per  acre;  the  nondrained  areas 
yielded  31.9  tons  of  cane  and  5,722  lbs  of  sugar  per  acre.  Thus, 
subsurface  drained  silty  clay  loam  yielded  20  percent  more  (6.2 
tons/acre  more)  cane  and  28  percent  more  (1,619  lbs/acre  more) 
sugar  than  did  the  nondrained  silty  clay  loam.  Subsurface  drained 
silt  loam  soil  yielded  24.27  tons  of  cane  and  5,378  pounds  of  sugar 
per  acre;  the  nondrained  area  yielded  only  20.22  tons  of  cane  and 
4,741  pounds  of  sugar  per  acre.  Thus,  the  subsurface  drained  silt 
loam  yielded  20  percent  more  cane  (4  tons/A  more)  and  13.4  percent 
more  sugar  (637  lbs/A  more)  than  did  nondrained  silt  loam.  Cane 
and  sugar  yields  were  not  increased  in  1989  by  subsurface  draining 
silty  clay  soil. 

Progress  report: 

In  the  1970s,  a  water  table  depth  experiment  with  sugarcane  was 
conducted  in  small  (0.01  acre)  replicated  plots  at  Baton  Rouge, 
Louisiana.  Cane  yield  from  a  relatively  shallow  water  table  (2  ft 
below  the  soil  surface)  was  45  T/A  in  the  plant  crop  but  declined 
to  23  T/A  in  fourth  stubble.  Cane  yield  from  plots  with  a 
relatively  deep  water  table  (4  ft  below  the  soil  surface)  was  45 
T/A  in  the  plant  crop  but  declined  to  only  3  3  T/A  in  fourth 
stubble.  Five  high  yielding,  profitable  level  crops  were  produced 
from  the  4  ft  water  table  treatment  while  fourth  stubble  yield  from 
the  shallow  (2  ft)  water  table  treatment  was  near  the  unprofitable 
yield  threshold.  Conclusions  from  this  small-plot  experiment  were 
that  the  benefits  from  deep  water  tables,  as  compared  to  shallow 
water  tables,  included  increased  cane  yield  and  stand  longevity. 


1  Contribution  from  the  Soil  and  Water  Research  Unit,  USDA-ARS,  Baton 
Rouge,  Louisiana  in  cooperation  with  the  Department  of  Agricultural  Engineering, 
Louisiana  State  University,  Baton  Rouge. 

2  Agricultural  Engineers,  USDA-ARS,  Soil  and  Water  Research  Unit,  Baton 
Rouge,  Louisiana. 


Following  the  experiment  on  small  plots,  field  studies  were 
initiated  in  which  subsurface  drains  were  installed  on  a  much 
larger  size  areas  to  determine  the  feasibility  and  crop  response 
to  maintaining  deep  water  tables  in  large  fields.  These  four 
fields  ranged  in  size  from  4  acres  on  Baldwin  silty  clay  in  St. 
Mary  Parish  to  17  acres  on  Commerce  silt  loam  in  Assumption  Parish. 
The  other  two  sites  were  a  10-acre  field  of  Jeanerette  silty  clay 
loam  in  Iberia  Parish,  and  a  10-acre  field  of  Commerce  silt  loam 
in  St.  James  Parish.  Sugarcane  was  produced  on  each  of  these  areas 
in  1989.   The  results  from  each  site  are  discussed  separately. 

St.  James  Parish  site: 

The  subsurface  drained  area  at  the  Graugnard  Farm  in  St.  James 
Parish  was  10  acres  in  size  and  was  bordered  by  shallow  surface 
drainage  ditches  and  a  headland.  In  1976,  four,  4-inch  diameter 
polyethylene  drains  were  installed  four  feet  below  the  soil  surface 
and  spaced  80,  120,  and  160  feet  apart.  The  drains  empty  into  a 
sump  equipped  with  pumps  for  discharging  the  drain  effluent  into 
a  surface  drainage  ditch.  Water  flows  from  the  drains  into  the 
sump  almost  continuously  but  pumps  keep  the  water  level  in  the  sump 
below  the  drain  outlets. 

An  adjacent  area,  similar  to  the  drained  area  but  without 
subsurface  drainage,  was  used  as  a  check.  Yields  from  the  check 
area  were  measured  from  the  side  of  the  field  that  was  away  from 
the  drains  so  the  yield  results  would  not  be  influenced  by 
subsurface  drainage. 

Although  the  subsurface  drains  did  not  prevent  the  water  table  from 
rising  to  the  soil  surface  during  large  rainstorms,  they  rapidly 
lowered  the  water  table  soon  after  the  rain.  Thus,  the  water  table 
in  the  drained  area  remained  in  the  cane's  root  zone  for  a  shorter 
period  of  time  than  in  the  check. 

The  1989  crop  was  the  eleventh  produced  on  the  subsurface  drained 
area.  It  was  second  stubble  of  the  third  cycle  of  crops.  Other 
sugarcane  crops  were  produced  during  1977-1980,  1982-1985,  and 
1987-1988.  Wheat  and  soybeans  were  produced  during  1981  and  1986, 
respectively,  when  normally,  the  land  would  have  been  fallow. 

Yields  for  1989  are  shown  in  Table  1.  Yields  from  the  three  drain 
spacings  were  similar,  therefore,  the  results  from  these  three 
drain  spacings  were  combined  and  reported  as  yields  from  the 
drained  area  in  Table  1. 


Table  1.   Results  of  the  1989  sugarcane  crop  from  areas  with  and 

without  subsurface  drainage  at  the  Graugnard  Farm  in  St. 
James  Parish,  LA. 


Subsurface  Drained  *     Nondrained  * 

Sugarcane  yield  (tons/acre)  24.27  2  0.22 

Sugar  yield  (lbs/ton,  CRS)  220.69  234.92 

Sugar  yield  (lbs/acre,  CRS)  5378  4741 

Plant  population  (stalks/acre)  24971  21842 

Stalk  Weight  (lbs/stalk)  1.94  1.855 

Cane  left  in  the  field  (T/A)  0.41  0.34 

*  Results  are  the  average  of  10  four-row  heaps  in  the  subsurface 
drained  area  and  4  four-row  heaps  in  the  nondrained  area. 

The  subsurface  drained  area  yielded  24.27  tons  of  cane/acre  and 
5,378  pounds  of  sugar/acre;  the  nondrained  area  yielded  only  20.22 
tons  of  cane/acre  and  4,741  pounds  of  sugar/acre.  Thus,  the 
subsurface  drained  area  yielded  20  percent  more  cane  (4  tons/A 
more)  and  13.4  percent  more  sugar  (637  lbs/A  more)  than  did  the 
nondrained  area.  Plant  population  was  higher  in  the  drained  area, 
24,971  vs.  21,842  plants/acre,  while  stalk  weight  was  about  the 
same,  1.94  vs.  1.86  pounds/  stalk.  Cane  that  was  left  in  the  field 
because  it  fell  from  loaded  wagons  or  because  it  was  not  picked  up 
by  the  loader  averaged  only  0.41  and  0.34  tons/acre  from  the 
drained  and  nondrained  areas,  respectively.  Such  a  small  amount 
of  cane  left  in  the  field  is  attributed  to  the  fact  that  the  cane 
did  not  receive  wind  damage  late  in  the  season,  therefore,  it  was 
standing  upright  when  harvested  and  to  the  conscientious  loader  and 
tractor  operators  who  did  an  excellent  job  during  the  cane  loading 
operation. 

The  1989  crop  was  the  third  in  this  crop  cycle.  Yield  from  this 
crop,  along  with  yields  from  previous  crops,  indicate  that 
subsurface  drainage  of  silt  loam  soil  increases  yield  and  stand 
longevity.  This  is  the  same  trend  that  was  indicated  by  the  small 
plot  study  in  the  mid  1970s,  however,  the  magnitude  of  the  yield 
increase  and  stand  longevity  was  less  in  the  field  study. 

Assumption  Parish  site: 

The  subsurface  drained  area  on  the  Westfield  plantation  in 
Assumption  Parish  was  17  acres  in  size  and  consisted  of  three 
tracts  of  land  each  approximately  5.7  acres  in  size.  Each  tract 
was  bordered  by  shallow  surface  drainage  ditches  and  headlands. 
In  1983,  seven,  4-inch  diameter  polyethylene  drains  were  installed 


three  feet  below  the  soil  surface  and  spaced  50  feet  apart  in  each 
tract.  The  drains  empty  into  sumps  (each  tract  has  a  sump) 
equipped  with  pumps  that  pump  the  drain  effluent  from  the  sump  into 
a  surface  drainage  ditch.  The  drains  were  installed  50  feet  apart 
instead  of  the  normal  100  to  12  0  feet  for  silt  loam  soil  because 
this  system  was  designed  for  a  water  table  management  experiment 
that  involves  both  subsurface  drainage  and  subirrigation.  The 
closer  drain  spacings  were  required  for  subirrigation  purposes. 
An  irrigation  well  was  installed  adjacent  to  each  sump  to  supply 
water  to  the  sump  when  irrigation  was  required. 

Two  tracts  adjacent  to  the  drained  area,  but  without  subsurface 
drainage,  were  used  as  checks. 

The  1989  crop  was  the  fifth  produced  on  the  water  table  management 
experimental  area.  It  was  first  stubble  of  the  second  cycle  of 
crops.  Other  sugarcane  crops  were  produced  during  1984-1986  and 
1988. 

Yields  for  1989  are  shown  in  Table  2.  Yields  from  the  three  water 
table  management  tracts  were  determined  by  loading  a  wagon  with 
cane  from  each  of  four,  4 -row  heaps  in  each  tract,  weighing  these 
wagon  loads  of  cane  on  the  sugar  mill's  scales,  and  sampling  the 
cane  for  sugar  content  determination  at  the  sugar  mill's 
laboratory.  Yield  from  the  check  area  was  determined  likewise 
except  only  two  wagon  loads  of  cane  were  taken  from  each  check 
area. 

Table  2.   Summary  of  1989  Sugarcane  Data  from  the  Water  Table 

Management  Experiment  on  the  West field  Farm,  Assumption 
Parish,  Louisiana. 


With  water  table   Without  water  table 
management*      table  management** 


Sugarcane  yield  (tons/acre) 

Sugar  yield  (lbs/ton,  CRS) 

Sugar  yield  (lbs/acre,  CRS) 

Plant  population  (stalks/acre) 

Stalk  Weight  (lbs/ stalk) 

Cane  left  in  the  field  (T/A) 

*  Average  of  12  heap  rows  with  four  rows  to  the  heap.  The  area  of 
each  heap  row  was  approximately  0.3  acre. 
**  Average  of  four  heap  rows. 

The  cane  was  first  stubble,  CP  70-321  variety.   The  soil  type  is 
Commerce  silt  loam. 


30.79 

28.66 

213.85 

217.82 

6584.00 

6243.00 

30368.00 

28544.00 

2.03 

2.01 

0.24 

0.22 

Yields  from  areas  with  and  without  water  table  management  differed 
only  slightly.  The  water  table  management  area  yielded  2.13  T/A 
more  cane  (7.4  percent  more)  and  341  pounds/acre  more  sugar  (5.5 
percent  more)  than  did  the  areas  without  water  table  control. 
Sugar  per  ton  of  cane  from  the  area  without  water  table  control  was 
slightly  more  (4  lbs/ton  more)  than  from  the  area  with  water  table 
control.  High  sugar  content  of  cane  is  often  associated  with 
slower  growing  and  lower  yielding  cane. 

The  water  table  in  the  water  table  control  tracts  was  maintained 
at  approximately  2.5  feet  below  the  soil  surface.  Since  rainfall 
was  unusually  high  in  1989,  the  sugarcane  in  the  water  table 
management  tracts  probably  would  have  responded  in  a  more  positive 
way  if  the  system  had  been  in  a  "subsurface  drainage"  mode  rather 
than  "water  table  control"  mode.  The  "subsurface  drainage"  mode 
would  have  allowed  the  water  table  to  fall  to  drain  depth  or  below. 

Plant  populations  of  the  two  treatments  differed  slightly  with  1800 
more  plants/acre  in  the  water  table  management  treatment.  Plant 
populations  were  determined  by  counting  stalks  before  harvest  from 
measured  distances  along  four  rows  in  each  tract. 

The  stalk  weight  was  essentially  the  same  for  the  drained  and 
nondrained  areas. 

The  operators  did  an  excellent  job  in  loading  the  cane  onto  the 
wagons;  less  than  0.25  ton/acre  were  left  in  the  field. 

The  abnormal  freezing  weather  in  December  1989  severely  damaged  the 
cane  stubble.  Consequently,  there  will  not  be  a  second  stubble 
sugarcane  crop  at  this  experimental  site  in  1990. 

St.  Marv  Parish  site: 

The  subsurface  drained  area  at  Sterling  in  St.  Mary  Parish  was  four 
acres  in  size  and  consisted  of  two  tracts  of  Baldwin  silty  clay 
soil  each  approximately  two  acres  in  size.  One  tract  was  bordered 
by  a  highway  ditch,  a  shallow  surface  drainage  ditch  and  headlands. 
The  other  tract  was  bordered  by  two  shallow  surface  drainage 
ditches  and  headlands.  In  1978,  four,  4-inch  diameter  polyethylene 
drains  were  installed  three  feet  below  the  soil  surface  and  spaced 
45  feet  apart  in  one  tract.  In  the  other  tract,  three  drains  were 
installed  three  feet  below  the  soil  surface  and  spaced  90  feet 
apart.  The  drains  emptied  into  sumps  (a  sump  was  installed  for 
each  tract)  equipped  with  pumps  that  pump  the  drain  effluent  from 
the  sump  into  a  surface  drainage  ditch.  The  drains  were  installed 
45  and  90  feet  apart  to  evaluate  crop  response  to  drainage 
intensity. 
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A  nearby  2-acre  tract  of  land  approximately  2  00  feet  from  the 
subsurface  drained  (90-foot  drain  spacing)  tract  but  without 
subsurface  drainage  was  used  as  a  check. 

The  1989  crop  was  the  eighth  produced  on  the  subsurface  drained 
areas.  It  was  the  plant  crop  in  the  fourth  cycle  of  crops.  Other 
sugarcane  crops  were  produced  during  1979-1980,  1982-1983,  and 
1985-1987. 

Yields  for  1989  are  shown  in  Table  3.  Yields  from  the  drained  and 
nondrained  areas  were  determined  by  loading  a  wagon  with  cane  from 
each  of  four,  4 -row  heaps  in  each  tract,  weighing  these  wagon  loads 
of  cane  on  the  sugar  mill's  scales,  and  sampling  the  cane  for  sugar 
content  determination  at  the  sugar  mill's  laboratory. 

Table  3.  Summary  of  1989  Sugarcane  Data  from  the  Subsurface  Drainage 
Experiment  at  Sterling's  in  St.  Mary  Parish,  Louisiana. 


Subsurface  Drained  Nondrained 

45'  spacing      90'  spacing 


169.44 

169.51 

182.75 

7308 

7333 

7891 

41244 

39135 

40062 

2.09 

2.22 

2.16 

Sugarcane  yield  (tons/acre)*    43.13  43.26  43.18 

Sugar  yield  (lbs/ton,  CRS) 

Sugar  yield  (lbs/acre,  CRS) 

Plant  population  (stalks/acre)  41244 

Stalk  Weight  (lbs/stalk) 

Cane  left  in  the  field  (T/A)     0.66  0.63  0.50 

*  Average  of  four,  four-row  heaps  of  plant  cane  variety  CP  70-330. 

Each  heap  row  was  from  an  area  about  0.3  acres  in  size.  The  soil 
type  is  Baldwin  silty  clay. 

The  yield  data  in  Table  3  indicates  that  there  was  no  advantage  to 
subsurface  drainage  of  Baldwin  silty  clay  soil  in  1989.  Cane 
yields  from  the  drained  and  nondrained  fields  were  about  the  same, 
43  tons/  acre.  The  sucrose  content  of  the  cane  juice  from  the 
nondrained  area  was  about  13  lbs/ton  more  (7.8  percent  more)  than 
in  the  drained  area.  Consequently,  sugar  yield  from  the  nondrained 
area  was  570  lbs/acre  more  (7.8  percent  more)  than  from  the 
subsurface  drained  area.  The  reason  sugar  content  was  higher  from 
the  nondrained  area  is  unknown.  Sugar  content  from  nondrained 
areas  is  sometimes  higher  than  from  subsurface  drained  areas  but 
it  is  usually  associated  with  lower  cane  yields.  In  this  case, 
cane  yields  were  about  the  same  from  drained  and  nondrained  areas. 
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The  stand  of  cane  was  estimated  from  the  weight  of  stalks  and  the 
weight  of  cane  from  each  heap  row.  The  stand  was  about  the  same  in 
all  three  areas  with  plant  populations  of  about  40,000  plants/acre. 
Stalk  weight  was  also  about  the  same  in  drained  and  nondrained 
areas  at  2.1  to  2.2  lbs/stalk. 

The  harvesting  crew  did  a  commendable  job  in  removing  cane  from  the 
fields.   Less  than  0.7  ton/acre  was  left  in  the  field. 

Iberia  Parish  site: 

The  subsurface  drained  area  at  the  M.  A.  Patout  and  Sons  farm  in 
Iberia  Parish  was  10  acres  in  size  and  consisted  of  three  tracts 
of  Jeanerette  silty  clay  loam  soil  each  approximately  3 . 3  acres  in 
size.  Each  tract  was  bordered  by  shallow  field  ditches  and 
headlands.  In  1978,  4-inch  diameter  polyethylene  drains  were 
installed  four  feet  below  the  soil  surface  and  spaced  4  5  feet  apart 
in  one  tract  (four  drain  lines  in  this  tract) ,  90  feet  apart  in  one 
tract  (three  drain  lines  in  this  tract) ,  and  135  feet  apart  in  one 
tract  (two  drain  lines  in  this  tract)  .  The  drains  emptied  into  two 
sumps  equipped  with  pumps  for  discharging  drain  effluent  into  a 
surface  drainage  ditch.  The  drains  were  installed  45,  90,  and  135 
feet  apart  to  evaluate  crop  response  to  drainage  intensity  on 
Jeanerette  silty  clay  loam  soil. 

An  area  approximately  four  acres  in  size,  without  subsurface 
drainage,  was  used  as  a  check.  It  was  located  across  a  drainage 
ditch  from  the  135  foot  spacing  tract. 

The  1989  crop  was  the  eighth  produced  on  the  subsurface  drained 
areas;  it  was  the  plant  crop  in  the  third  cycle  of  crops.  Other 
sugarcane  crops  were  produced  during  1980-1982  and  1984-1987. 

Yields  for  1989  are  shown  in  Table  4.  Yields  from  the  drained  and 
nondrained  areas  were  determined  by  loading  a  wagon  with  cane  from 
each  of  four,  4-row  heaps  in  each  tract,  weighing  these  wagon  loads 
of  cane  on  the  sugar  mill's  scales,  and  sampling  the  cane  for  sugar 
content  determination  at  the  sugar  mill's  laboratory. 
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Table  4.  Summary  of  1989  Sugarcane  Data  from  the  Subsurface  Drainage 
Experiment  at  Patout's  in  Iberia  Parish,  Louisiana. 

Subsurface  Drained Nondrained 

45'  901         135' 

spacing     spacing     spacing 

Sugarcane  yield  (T/A)  *      38.66       38.84        36.86        31.89 

Sugar  yield  (lbs/T,  CRS) 

Sugar  yield  (lbs/ A,  CRS) 

Plant  population  (stalks/A)  3  5220 

Stalk  Weight  (lbs/stalk)      2.20        2.27         2.18        2.26 

Cane  left  in  the  field  (T/A)  0.57        0.46        0.54        0.37 


194.26 

185.48 

198.26 

179.43 

7510 

7204 

7308 

5722 

35220 

34286 

33767 

28241 

*  Average  of  four,  4-row  heaps  from  each  area.  The  heap  rows  were  from 
an  area  about  0.4  acres  in  size  in  each  of  the  three  drained  areas 
and  about  0.5  acres  in  size  in  the  nondrained  area.  This  plant  crop 
was  variety  CP  70-321;  the  soil  is  Jeanerette  silty  clay  loam. 

Yields  from  the  three  subsurface  drained  areas,  with  drain  lines 
spaced  45,  90,  and  135  feet  apart,  yielded  about  the  same  with 
average  yields  of  38.1  tons  of  cane  and  7,341  pounds  of  sugar  per 
acre.  These  yields  were  considerably  higher  than  those  in  the 
nondrained  area.  The  subsurface  drained  areas  yielded  6.2 
tons/acre  more  cane  (20  percent  more)  and  1,619  lbs/acre  more  sugar 
(28  percent  more)  than  did  the  nondrained  tract.  Cane  and  sugar 
yields  were  determined  from  four  wagon  loads  of  cane  from  each 
area.  The  cane  was  weighed  for  yield  and  sampled  for  sucrose  at 
the  sugar  mill.  Thus,  the  yields  shown  in  Table  4  are  those  for 
which  a  grower  would  be  compensated. 

The  higher  sugar  yield  from  the  drained  areas  was  due  to  higher 
cane  yield  and  higher  sugar  per  ton  of  cane  than  that  from  the 
nondrained  area.  The  stand  of  cane  was  better  in  the  drained  areas 
with  plant  populations  of  about  34,000  plants/acre  in  the  drained 
areas  and  about  28,000  plants/acre  in  the  nondrained  areas.  Stalk 
weights  were  similar  in  drained  and  nondrained  areas  at  about  2.2 
lbs/stalk. 

The  cane  harvesting  operation  was  very  efficient;  less  than  0.6 
ton/acre  was  left  in  the  field. 

Summary  and  comments: 

Subsurface  drainage  increased  cane  and  sugar  yields  on  silt  loam 
and  silty  clay  loam  soils  in  1989  but  not  on  silty  clay  soil.  At 
the  St.  James  and  Iberia  Parish  sites  where  the  soil  is  silt  loam 
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and  silty  clay  loam,  respectively,  sugar  yields  from  the  drained 
areas  were  637  lbs/A  and  1,619  lbs/A  more,  respectively,  than  from 
the  nondrained  areas.  The  value  of  this  increased  yield  to  an 
owner-operator  is  approximately  $84/A  and  $214/A,  respectively,  at 
current  sugar  prices.  The  cost  of  a  subsurface  drainage  system, 
including  sump  and  pumps,  is  about  $325  to  $350  per  acre  for  light 
textured  soils  where  drain  spacing  of  100  feet  apart  is  adequate. 
Thus,  yield  increases  such  as  those  shown  in  1989  would  pay  for  a 
subsurface  drainage  system  in  two  to  four  years  at  current  sugar 
prices  and  subsurface  drainage  costs. 

Cane  and  sugar  yields  from  the  water  managed  areas  at  the 
Assumption  Parish  site  were  slightly  higher  than  those  from  the 
check  area.  Differences  in  yield  between  the  two  treatments 
probably  would  have  been  greater  if  the  water  table  management 
system  had  been  in  "subsurface  drainage"  mode  where  the  water  table 
would  have  been  at  a  lower  level  than  it  was  in  the  "water  table 
control"  mode  where  the  water  table  was  maintained  at  approximately 
2.5  feet  below  the  soil  surface. 

Subsurface  drainage  did  not  increase  yields  on  the  silty  clay  soil 
at  the  St.  Mary  site.  Cane  yields  were  about  the  same  for  drained 
and  nondrained  treatments.  For  some  unknown  reason,  the  sugar 
content  of  the  cane  from  the  nondrained  Baldwin  silty  clay  soil  was 
7.8  percent  higher  than  the  sugar  content  of  the  cane  from  the 
drained  soil.  Consequently,  sugar  yield  was  7.8  percent  higher  from 
the  nondrained  area. 

The  trend  of  increased  yields  for  deeper  water  tables,  shown  by  the 
small-plot  experiment  in  the  1970s,  were  also  indicated  in  the 
large  scale  study  at  the  St.  James  Parish  and  Iberia  Parish  sites 
in  1989.  The  trend  of  increased  stand  longevity  by  deep  water 
tables,  shown  by  the  small  plot  study  is  also  evident  in  the  large 
scale  study  at  St.  James,  particularly  when  data  from  the  11-year 
study  are  combined.  For  example,  average  sugar  yield  in  the  plant 
crops  was  7,099  kg/ha  from  the  subsurface  drained  field  and  6,580 
kg/ha  from  the  nondrained  field.  Average  sugar  yield  in  third 
stubble  was  5,780  kg/ha  in  the  drained  field  and  4,782  kg/ha  in  the 
nondrained  field.  Sugar  yield  in  the  subsurface  drained  field 
declined  at  a  rate  of  477  kg/ha/yr,  but  in  the  nondrained  field  the 
rate  of  yield  decline  was  much  more  rapid,  724  kg/ha/yr. 

In  addition  to  increasing  yield  and  slowing  the  rate  of  yield 
decline,  subsurface  drainage  also  increases  soil  traf f icability 
conditions  for  conducting  field  operations.  Although  the  delay 
after  a  rain  in  entering  a  field  with  machinery  to  conduct  field 
work  varies  with  the  amount  of  rain  and  soil  drying  conditions, 
entering  a  subsurface  drained  field  two  or  three  days  earlier  than 
a  nondrained  field  during  the  spring  and  summer  months  is  common. 


1A 


Cultural  Practice  Research 
with  Sugarcane  in  1989 

Ray  Ricaud  and  Allen  Arceneaux 
Agronomy  Department 

in  cooperation  with  the 
St.  Gabriel  Research  Station 


Summary 


Twelve  field  experiments  were  conducted  on  cultural 
practices  for  sugarcane  in  1989.  The  experiments  were  on 
methods  and  rates  of  planting,  dates  of  planting  and 
harvesting,  stubble  protection  and  longevity,  stubble  diggers 
and  soil  pesticides.  There  was  a  trend  for  cane  yields  to 
increase  by  increasing  the  planting  rates  from  two  to  four 
stalks  in  wide  furrow  planting.  Cane  yield  of  several 
varieties  were  increased  by  planting  late  than  early  in  the 
planting  season.  A  late  harvest  date  increased  yields  of 
plant  cane  and  the  subsequent  stubble  cane  during  the 
following  year.  A  soil  cover  on  cane  stubbles  after 
harvesting  a  crop  reduced  freeze  damage  and  increased  the 
yield  of  the  following  stubble  cane  crop.  The  use  of  a 
stubble  digger  and  a  Lilliston  cultivator  reduced  cane  yield 
in  one  test,  but  not  in  other  tests.  Furadan  and  Ridomil  soil 
pesticides  did  not  increase  cane  yield  this  year. 

Objectives 

The  research  was  designed  to  provide  information  in  an 
effort  to  help  cane  growers  to  produce  maximum  economic  yields 
and  to  increase  profitability  in  sugarcane  production.  This 
annual  progress  report  is  presented  to  provide  the  latest 
available  data  on  certain  practices  and  not  as  a  final 
recommendation  for  growers  to  use  all  of  these  practices. 
Recommendations  are  based  on  several  years  of  research  data. 

Results  and  Discussion 

Methods  and  Rates  of  Planting.  An  experiment  was 
conducted  with  first  stubble  cane  to  determine  the  effects  of 
widths  of  planting  furrow  and  rates  of  planting  on  the  yield 
of  cane  varieties  CP70-321  and  CP74-383.  The  furrow  widths 
were  15  and  24  inches  and  the  rates  of  planting  were  two  and 
four  stalks  in  continuous  lines  on  a  standard  row  spacing. 
A  two-stalk  rate  in  a  V-furrow  was  planted  with  each  variety 
as  a  check  plot.  The  yield  data  obtained  in  this  test  are 
reported  in  Table  1. 


This  research  was  supported  in  part  by  grant  funds  from  the 
American  Sugarcane  League. 
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Cane  yield  increases  were  significant  with  the  four-stalk 
rate  in  a  24-inch  furrow  over  the  V-furrow  and  two-stalk  rate 
in  a  15-inch  furrow  in  CP70-321.  There  was  a  trend  for  the 
four-stalk  rate  to  produce  more  than  the  two-stalk  rate  in 
each  furrow  width.  The  differences  in  yield  between  the 
furrow  widths  for  each  variety  were  small. 

Another  test  was  initiated  to  test  2-,  3-  and  4-stalk 
rate  of  planting  with  Kleen-Tek  (KT)  and  "field  run"  seedcane 
of  varieties  CP70-321  and  CP72-370.  The  percent  ratoon  stunt 
disease  in  field-run  seed  was  96.7%  in  CP70-321  and  46.7%  in 
CP72-370  and  the  Kleen  Tek  seed  was  free  of  the  disease  in 
each  variety.  The  data  reported  in  Table  2  show  that  four- 
stalk  rate  increased  yield  over  the  two-stalk  rate  only  with 
CP70-321  KT  seed.  As  an  average  of  varieties  and  seed 
sources,  the  four-stalk  rate  increased  stalk  population,  but 
not  cane  yield.  The  yield  differences  between  KT  and  "field 
run"  seed  were  small.  The  small  differences  in  yield  among 
treatments  were  probably  due  to  lodged  cane  and  poor 
harvesting  conditions. 

Date  of  Planting.  An  experiment  was  initiated  to 
determine  the  effects  of  planting  dates  on  the  plant  cane 
yield  of  four  current  varieties  of  sugarcane.  The  dates 
tested  were  September  1 ,  October  3  and  November  2  and  the 
varieties  were  CP70-321,  CP72-370,  CP74-383  and  CP76-331.  The 
varieties  were  planted  on  each  date  in  1988  and  harvested  as 
plant  cane  in  December,  1989.  The  data  obtained  are  reported 
in  Table  3 .  Each  variety  produced  more  cane  yield  when 
planted  in  October  and  November  than  in  September.  CP72-370 
produced  more  yield  when  planted  in  November  than  October. 
As  an  average  of  varieties,  cane  yield  increased  as  the 
planting  season  progressed  from  September  to  November.  This 
was  due  to  increases  in  stalk  population  and  weight. 

Another  test  was  continued  in  1989  from  plant  cane  in 
1988  to  determine  the  effects  of  planting  dates  on  the  first 
stubble  yield  of  four  cane  varieties.  The  dates  were 
September  4 ,  October  1  and  November  2  and  the  varieties  were 
CP70-321,  CP72-370,  CP74-383  and  CP76-331.  The  varieties  were 
planted  on  each  date  in  1987  and  harvested  as  plant  cane  in 
1988  and  as  first  stubble  in  1989.  The  yield  data  obtained 
with  first  stubble  are  reported  in  Table  4.  CP70-321  produced 
more  stubble  yield  when  planted  in  November  than  September  and 
CP76-331  produced  more  when  planted  in  November  than  September 
and  October.  As  an  average,  the  November  planting  increased 
yield  over  the  earlier  dates. 

Dates  of  Harvest.  Experiments  were  conducted  on  date  of 
harvesting  four  current  varieties  of  sugarcane.  One  test  was 
initiated  in  1988  to  determine  the  effects  of  harvesting  plant 
cane  on  the  yield  of  the  following  first  stubble  crop  in  1989. 
Plant  cane  of  varieties  CP70-321,  CP72-370,  CP74-383  and  CP76- 
331  was  harvested  on  September  1,  October  3,  November  1  and 
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Table  1.   Effect  of  planting  furrow  width  and  rate  of  planting  on 
first  stubble  cane  yield  of  two  varieties  of  sugarcane  on  a 
Commerce  soil  at  the  St.  Gabriel  Research  Station,  1989. 


Variety 

Rate 

Stubble 

of 

Drill 
width 

of 
planting 

cane 
yield 

Sta 

Ik 

Normal 
Brix 

juice 
Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

in. 

stalks 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP  70-321 

V 

2 

32.5 

33.0 

2.46 

17.1 

14.4 

6670 

15 

2 

33.2 

32.9 

2.33 

17.6 

14.6 

6988 

15 

4 

34.8 

34.0 

1.95 

17.3 

14.5 

7236 

24 

2 

33.8 

34.2 

2.25 

17.3 

14.6 

7090 

24 

4 

36.9 

36.0 

2.29 

17.5 

14.7 

7813 

CP  74-383 

V 

2 

30.1 

31.3 

2.21 

17.6 

14.7 

6380 

15 

2 

31.9 

34.6 

2.08 

16.8 

13.9 

6288 

15 

4 

32.9 

33.3 

2.06 

16.5 

13.5 

6306 

24 

2 

31.9 

32.8 

2.07 

16.3 

13.7 

6187 

24 

4 

33.0 

33.2 

1.94 

17.0 

14.1 

6629 

LSD  .05 

3.4 

2.3 

0.39 

0.9 

1.1 

901 

Rate  of  planting  was  the  number  of  stalks  planted  in  continuous 
lines  with  a  10%  overlap. 
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Table  2.   Effect  of  rates  of  planting  and  Kleen-Tek  seedcane  on  the 
plant  cane  yield  of  two  varieties  of  sugarcane  on  Commerce 
silt  loam  soil  at  the  St.  Gabriel  Research  Station,  1989. 


Variety 

Rate 

Plant 

of 

of 
planting 

cane 
yield 

Stalk 

Normal 
Brix 

juice 
Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

stalks 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP  70-321 

2 

29.5 

31.0 

2.36 

16.8 

14.2 

5952 

3 

28.6 

33.8 

2.34 

16.8 

14.0 

5684 

4 

29.8 

35.2 

2.53 

17.0 

14.0 

5917 

CP  70-321  KT 

2 

23.1 

35.9 

2.04 

16.9 

13.9 

4579 

3 

27.7 

39.4 

2.04 

17.0 

14.0 

5541 

4 

29.0 

42.5 

1.80 

17.0 

13.9 

5717 

CP  72-370 

2 

24.5 

32.3 

2.40 

16.4 

13.4 

4604 

3 

24.4 

32.3 

2.21 

16.8 

13.7 

4748 

4 

28.0 

34.7 

2.11 

16.7 

13.5 

5317 

CP  72-370  KT 

2 

28.1 

34.8 

2.14 

16.0 

13.3 

5260 

3 

26.7 

32.2 

2.08 

16.4 

13.2 

4951 

4 

27.3 

35.3 

1.97 

16.9 

13.5 

5239 

LSD  .05  Treatments 

5.2 

2.7 

0.40 

0.7 

0.9 

1019 

Mean 

rate  e 

ffect 

2 

26.3 

33.5 

2.24 

16.5 

13.7 

5099 

3 

26.8 

34.4 

2.17 

16.7 

13.7 

5231 

4 

28.5 

36.9 

2.10 

16.9 

13.7 

5548 

LSD  .05  Means 

NS 

1.3 

NS 

NS 

NS 

NS 

Kleen-Tek  (KT)  and  "field  run"  seedcane  of  CP  70-321  and 
CP  72-370  was  planted  in  1988. 
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Table  3.   Effect  of  date  of  planting  on  the  plant  cane  yield  of 

four  varieties  of  sugarcane  on  Commerce  soil  at  the  St, 
Gabriel  Research  Station,  1989. 


Variety 

Date 

Plant 

of 

of 
planting 

cane 
yield 

Stalk 

Normal  juice 
Brix   Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

1988 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP  70-321 

Sept.  1 

27.0 

23.0 

2.94 

17.1 

14.4 

5544 

Oct.  3 

36.2 

29.0 

2.88 

17.3 

14.4 

7483 

Nov.  2 

37.5 

28.2 

3.25 

17.4 

14.8 

7977 

CP  72-370 

Sept.  1 

29.6 

25.2 

2.82 

16.5 

13.6 

5676 

Oct.  3 

36.8 

29.0 

3.08 

16.7 

13.7 

7168 

Nov.  2 

41.7 

30.7 

2.97 

16.6 

13.7 

8073 

CP  74-383 

Sept.  1 

28.2 

23.7 

2.86 

16.9 

14.3 

5766 

Oct.  3 

39.2 

30.2 

3.04 

16.5 

13.6 

7543 

Nov.  2 

41.0 

28.4 

3.02 

16.2 

13.3 

7684 

CP  76-331 

Sept.  1 

28.4 

22.5 

3.06 

18.2 

15.5 

6416 

Oct.  3 

41.8 

30.8 

3.36 

17.3 

14.3 

8529 

Nov.  2 

43.9 

30.1 

3.21 

16.5 

13.5 

8410 

LSD  .05  Treatments 

3.4 

2.0 

0.30 

0.9 

0.4 

1067 

Mean 

planting 

date 

effect 

Sept.  1 

28.3 

23.6 

2.92 

17.2 

14.4 

5851 

Oct.  3 

38.5 

29.8 

3.09 

16.9 

14.0 

7681 

Nov.  2 

41.0 

29.4 

3.11 

16.7 

13.8 

8036 

LSD  .05  Means 

1.7 

1.0 

0.15 

0.5 

0.6 

534 
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Table  4.   Effect  of  date  of  planting  on  the  first  stubble  cane 

yield  of  four  varieties  of  sugarcane  on  Commerce  soil  at  the 
St.  Gabriel  Research  Station,  1989. 


Variety 

Date 

Stubble 

of 

of 
planting 

cane 
yield 

Sta. 

Lk 

Normal 
Brix 

juice 
Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

1987 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP  70-321 

Sept.  4 

26.8 

32.0 

2.49 

17.6 

15.1 

5821 

Oct.  1 

28.4 

31.9 

2.22 

17.7 

15.3 

6320 

Nov.  2 

30.3 

31.4 

2.28 

17.7 

15.1 

6626 

CP  72-370 

Sept.  4 

28.2 

33.2 

2.56 

17.0 

14.5 

5860 

Oct.  1 

27.2 

30.9 

2.33 

17.2 

14.6 

5685 

Nov.  2 

29.7 

33.5 

2.04 

17.1 

14.4 

6105 

CP  74-383 

Sept.  4 

27.4 

33.8 

2.35 

16.6 

13.8 

5375 

Oct.  1 

29.0 

33.4 

2.22 

16.7 

13.9 

5726 

Nov.  2 

29.7 

32.7 

2.11 

16.9 

14.1 

6021 

CP  76-331 

Sept.  4 

28.8 

32.1 

2.79 

18.0 

15.3 

6395 

Oct.  1 

29.8 

31.9 

2.50 

18.6 

16.1 

7005 

Nov.  2 

33.0 

32.4 

2.69 

18.5 

15.9 

7645 

LSD  .05  Treatments 

3.2 

2.3 

0.25 

0.6 

0.7 

750 

Mean 

planting  date 

effect 

Sept.  4 

27.8 

32.8 

2.55 

17.3 

14.7 

5863 

Oct.  1 

28.6 

32.5 

2.32 

17.6 

15.0 

6184 

Nov.  2 

30.7 

32.1 

2.28 

17.6 

14.9 

6599 

LSD  .05  Means 

1.6 

NS 

0.13 

NS 

NS 

375 
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Table  5.   Effect  of  date  of  harvesting  plant  cane  on  the  yield  of 
the  subsequent  stubble  cane  of  four  varieties  of  sugarcane  on 
Commerce  soil  at  the  St.  Gabriel  Research  Station,  1989. 


Variety 

Date  of 

Stubble 

of 

plant  cane 
harvest 

cane 
yield 

Sta 

Ik 

Normal 
Brix 

juice 
Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

1988 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP  70-321 

Sept.  1 

24.5 

30.8 

2.36 

16.3 

13.7 

4791 

Oct.  3 

23.9 

30.5 

2.30 

16.6 

13.9 

4739 

Nov.  1 

26.7 

31.0 

2.54 

16.5 

13.7 

5215 

Dec.  1 

28.7 

33.1 

2.39 

17.1 

14.5 

5953 

CP  72-370 

Sept.  1 

26.0 

31.5 

2.51 

16.9 

14.1 

5246 

Oct.  3 

27.3 

30.1 

2.03 

16.2 

13.5 

5205 

Nov.  1 

26.2 

30.7 

2.21 

16.6 

13.8 

5141 

Dec.  1 

28.9 

32.6 

2.53 

16.3 

13.9 

5714 

CP  74-383 

Sept.  1 

27.7 

31.8 

2.26 

16.4 

13.5 

5270 

Oct.  3 

27.8 

32.8 

2.30 

15.8 

12.8 

4956 

Nov.  1 

27.4 

33.9 

2.19 

15.9 

12.7 

4846 

Dec.  1 

31.8 

36.2 

2.64 

16.5 

13.8 

6197 

CP  76-331 

Sept.  1 

30.5 

34.4 

2.63 

17.9 

15.3 

6755 

Oct.  3 

30.9 

32.6 

2.61 

17.4 

14.7 

6497 

Nov.  1 

30.0 

32.7 

2.56 

17.8 

15.0 

6526 

Dec.  1 

31.4 

33.9 

2.90 

17.8 

15.0 

6790 

_ 

LSD  .05  Treatments 

3.0 

2.6 

0.41 

1.1 

1.3 

908 

Mean 

harvest  date 

effect 

Sept.  1 

27.2 

32.1 

2.44 

16.9 

14.2 

5516 

Oct.  3 

27.5 

31.5 

2.31 

16.5 

13.7 

5349 

Nov.  1 

27.6 

32.1 

2.38 

16.7 

13.8 

5432 

Dec.  1 

30.2 

33.9 

2.61 

16.9 

14.3 

6163 

LSD  .05  Me 

ans 

1.5 

1.3 

0.21 

NS 

NS 

454 

The  plant  cane  of  each  variety  was  harvested  on  four  dates  in 
1988  and  the  yield  of  the  following  first  stubble  cane  was  measured 
in  November  of  1989. 
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Table  6.   Effect  of  date  of  harvest  on  the  yield  of  four  varieties 
of  plant  cane  on  Commerce  soil  at  the  St.  Gabriel  Research 
Station,  1989. 


Variety 
of 

Date  of 
plant  cane 
harvest 

Plant 

cane 

yield 

Stalk 

Normal  juice 
Brix   Sucrose 

Sugar 

cane 

No.      Wt. 

yield 

1989 


T/A 


1000/A    lbs. 


lbs/A 


CP  70-321 


Sept.  25 
Oct.  30 
Nov.  30 


21.5 
28.0 
31.2 


27.5 
28.5 
28.6 


2.61 
2.96 
2.79 


14.5 
17.3 
17.0 


11.4 
15.0 
14.3 


3350 
6042 
6394 


CP  72-370 


Sept.  25 
Oct.  30 
Nov.  30 


22.5 
29.0 
32.8 


28.2 
28.2 
28.8 


2.64 
2.76 
2.80 


15.0 
17.2 
17.0 


12.7 
14.7 
14.2 


3987 
6126 
6670 


CP  74-383 


Sept.  25 
Oct.  30 
Nov.  30 


23.2 
30.0 
34.7 


27.2 
28.2 
29.1 


2.70 
2.86 
2.82 


15.2 
16.5 
16.8 


12.1 
14.3 
14.2 


3875 
6172 
7017 


CP  79-318 


Sept.  25 
Oct.  30 
Nov.  30 


25.3 
30.0 
33.1 


24.6 
25.0 
25.6 


3.65 
3.75 
3.53 


14.6 
16.1 
16.3 


11.8 
13.7 
13.6 


4106 
5836 
6400 


LSD  .05  Treatments 


2.9 


2.4 


0.28 


0.7 


0.9 


738 


Mean  harvest  date  effect 


Sept. 

25 

23. 

.1 

26 

.9 

2 

.90 

14 

.8 

12 

.0 

3829 

Oct. 

30 

29 

.2 

27 

.5 

2 

.98 

16 

.8 

14 

.4 

6044 

Nov. 

30 

33 

.0 

28 

.0 

3 

.08 

16 

.8 

14 

.1 

6620 

LSD  .05  Means 


1.5 


NS 


0.14 


0.4 


0.4 


369 


The  plant  cane  of  each  variety  was  harvested  on  four  dates  and 
the  yields  were  measured  on  the  last  three  harvest  dates  in  1989. 
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Table  7.  Effect  of  stubble  protection  after  three  harvest  dates  of 
two  cane  varieties  on  the  yield  of  the  subsequent  stubble  crop 
at  the  St.  Gabriel  Research  Station,  1989. 


Date  of 
plant  cane 
harvest 


Stubble 
protection 
treatment 


Stubble 
yield 
1989 


No. 


Stalk    Normal  juice    Sugar 


Wt.   Brix   Sucrose   yield 


1988 


1988 


T/A    1000/A   lbs. 


lbs/A 


CP  65-357 


Oct.  3 


Check  29.3  26.3  2.45 
Cover  1  33.4  28.4  2.42 
Cover  2     31.3    25.3   2.32 


16.6   13.8      5763 

15.8  12.7      5924 

16.9  14.2      6350 


Nov.  2 


Check  31.3  27.7  2.39 
Cover  1  34.9  30.8  2.43 
Cover  2     38.0    32.8   2.58 


16.8  13.8  6150 
17.6  14.8  7448 
17.4   14.3      7838 


Dec.  1 


Check  32.3  30.4  2.70 
Cover  1  35.6  31.5  2.52 
Cover  2     38.3    30.2   2.50 


17.2  14.3  6625 
17.2  14.1  7196 
16.7   13.9      7559 


CP72-370 


Oct.  3 


Check  37.4  33.6  2.43 
Cover  1  40.0  34.3  2.41 
Cover  2     39.6    32.1   2.54 


16.0  13.3  7000 
16.6  13.7  7809 
16.0   13.0      7218 


Nov.  2 


Check  39.2  33.1  2.62 
Cover  1  39.9  36.0  2.31 
Cover  2     38.4    34.1   2.50 


16.4  13.9  7754 
15.9  13.0  7236 
16.1   13.4      7260 


Dec.  1 


Check  37.9  33.7  2.66 
Cover  1  43.3  37.2  2.54 
Cover  2     45.1    34.6   2.38 


16.5  13.7  7381 
16.5  13.7  8430 
16.8   14.0      8979 


LSD  .05  Treatments 


2.4 


2.2   0.25     1.2    1.4 
Mean  Cover  Effect 


941 


Check 

34 

.6 

30 

.8 

2. 

,54 

16 

.6 

13. 

.8 

6779 

Cover 

1 

37 

.9 

33 

.0 

2 

.44 

16 

.6 

13 

.7 

7341 

Cover 

2 

38 

.5 

31 

.5 

2. 

.47 

16 

.7 

13. 

.8 

7534 

LSD  .05  Means 


1.0 


0.9 


NS 


NS 


NS 


384 


Cane  stubbles  were  covered  after  harvesting  plant  cane.  Cover 
1  was  applied  immediately  after  each  harvest  date  and  Cover  2  was 
applied  at  the  end  of  the  harvest  season  in  December,  1988.   The 
cover  was  removed  with  a  shaver  in  March,  1989. 
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Table  8.   Effect  of  varieties,  Furadan  and  stubble  protection  on  the 
yield  of  second  stubble  cane  on  a  Commerce  silt  loam  soil  at  the 
St.  Gabriel  Research  Station,  1989. 


Variety 

Stubble 

Stubble 

of 

protection 
treatment 

Cane 
yield 

Stalk 

Normal  juice 
Brix  Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

No 

Furadan  Check 

CP  65-357 

Check 

24.4 

28.5 

2.21 

17.2 

13.9 

4833 

Cover 

23.8 

28.9 

2.14 

17.6 

14.5 

4938 

CP  76-331 

Check 

26.9 

30.9 

2.54 

17.5 

14.6 

5671 

Cover 

29.1 

31.8 

2.57 

17.1 

14.0 

5814 

No  Furadan  Mean 

26.1 

30.1 

2.37 

17.3 

14.3 

5314 

Furadan  - 

10  lbs/A 

CP  65-357 

Check 

25.5 

30.9 

2.08 

17.3 

14.3 

5210 

Cover 

23.7 

29.4 

2.21 

17.2 

14.0 

4705 

CP  76-331 

Check 

29.1 

32.1 

2.23 

17.1 

14.1 

5879 

Cover 

29.6 

32.2 

2.55 

16.7 

13.7 

5726 

Furadan  Mean 

27.0 

31.2 

2.27 

17.1 

14.0 

5380 

LSD  .05  All 

Treatments 

2.4 

2.0 

0.32 

NS 

NS 

669 

LSD  .05  Furadan  Means 

NS 

1.0 

NS 

NS 

NS 

NS 

Mean  cover 

effect 

Check 

26.5 

30.6 

2.27 

17.3 

14.2 

5398 

Cover 

26.6 

30.6 

2.37 

17.1 

14.0 

5296 

LSD  .05  Cover  Mean 

NS 

NS 

NS 

NS 

NS 

NS 

Cane  stubbles  were  protected  from  freeze  damage  by  covering 
with  soil.   The  cover  was  applied  at  the  end  of  the  harvest  season 
in  December,  1988  and  removed  with  a  stubble  shaver  in  March,  1989. 
The  shaver  caused  some  damage  to  the  stubbles. 
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Table  9.   Effect  of  a  stubble  digger  and  Lilliston  cultivator  on 

the  second  stubble  yield  of  three  varieties  of  sugarcane  on 
a  Commerce  silt  loam  soil  at  the  St.  Gabriel  Research  Station, 
1989. 

Digger    Stubble  ~~ 

Cane       Lilliston   Cane       Stalk      Normal  juice  Sugar 

variety treatment   yield    No. Wt.    Brix  Sucrose  yield 

T/A     1000/A   lbs.     %       %  lbs/A 

CP  70-321       Check       30.3     28.2    2.69   15.8    13.0  5520 

Digger     25.6     28.3    2.41   16.5    14.0  5081 

Lilliston   23.5     23.4    2.55   16.0    13.3  4416 

CP  72-370       Check       26.9     29.8    2.58   15.3    12.1  4488 

Digger     21.3     23.6    2.41   15.5    12.1  3565 

Lilliston   21.2     20.2    2.15   15.0    11.7  3384 

CP  74-383       Check       31.8     29.3    2.66   15.2    12.5  5508 

Digger      28.9     29.2    2.52   15.4    12.5  5022 

Lilliston   27.1     26.7    2.66   15.3    12.4  4676 

LSD  .05  Treatments         2.6     0.20    2.15    0.2     0.9  646 

Mean  Effect 

Check       29.7     29.1    2.64   15.4    12.5  5172 

Digger      25.3     27.0    2.45   15.8    12.9  4556 

Lilliston   23.9     23.4    2.46   15.4    12.5  4159 

LSD  .05  Means               1.5      1.5     NS     NS      NS  37  3 

The  stubble  digger  and  cultivator  treatments  were  applied  after 
false  shaving  the  cane  stubbles  on  March  9,  1989. 
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Table  10.   Effect  of  date  of  stubble  digger  treatment  on  first 

stubble  yield  of  cane  variety  CP76-331  on  a  Commerce  silt  loam 
soil  at  the  St.  Gabriel  Research  Station,  1989. 


Cane 

Digger 
treatment 
date 

Stubble 
Cane 
yield 

Sta 

Ik 

Normal 
Brix 

juice 
Sucrose 

Sugar 

variety 

No. 

Wt. 

yield 

CP  76-331 

1989 

Check 
March  9 
March  17 
March  28 

T/A 

24.5 
24.4 
23.4 
24.6 

1000/A 

25.0 
26.1 
24.0 
25.4 

lbs. 

2.89 
2.70 
2.77 
2.68 

% 

18.2 
17.7 
18.0 
17.9 

% 

15.4 
15.0 
15.2 
15.1 

lbs/A 

5496 
5275 
5143 
5391 

LSD  .05 

NS 

NS 

NS 

NS 

NS 

NS 

The  digger  treatment  was  applied  each  date  on  seperate  plots 
after  false  shaving  the  cane  stubbles. 


Table  11.   Effect  of  a  Lilliston  cultivator  on  the  second  stubble 

yield  of  two  cane  varieties  on  a  Commerce  silt  loam  soil  at  the 
St.  Gabriel  Research  Station,  1989. 


Cc 

me 
riety 

Lilliston 
treatment 

Cane 
yield 

Stalk 

Normal 
Brix 

juice 
Sucrose 

Sugar 

vai 

No. 

Wt. 

yield 

T/A 

1000/A 

: 

Lbs. 

% 

% 

lbs/A 

CP 

70- 

-321 

Check 

23.6 

28.1 

2 

.05 

17 

.7 

15 

.0 

5100 

Lilliston 

25.6 

27.3 

1 

.90 

16 

.9 

13, 

,8 

5023 

CP 

72- 

-370 

Check 

23.8 

30.1 

1 

.82 

17 

.8 

14 

.9 

5097 

Lilliston 

24.5 

27.2 

1 

.85 

17 

.1 

14. 

.2 

4983 

LSD  . 

35 

NS 

NS 

0 

.36 

0 

.6 

0 

.8 

NS 

The  treatment  was  applied  on  March  9  without  shaving  the  cane 
stubbles. 
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Table  12.   Effects  of  Ridomil,  Furadan  and  Kleen-Tek  seedcane  on  the 
yield  of  plant  cane  on  an  Iberia  clay  soil  at  the  Iberia 
Research  Station,  1989. 


Variety 

Soil 

Plant 

of 

pesticide 
treatment 

cane 
yield 

St. 

alk 

Normal  juice 
Brix   Sucrose 

Sugar 

cane 

No. 

Wt. 

yield 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

CP72-370 

Check 

37.6 

32.8 

2.70 

16.8 

14.2 

7613 

Ridomil 

37.2 

31.4 

2.63 

16.7 

13.8 

7307 

Furadan 

36.7 

32.1 

2.61 

16.7 

14.0 

7323 

Rido.  + 

Fur. 

36.2 

32.9 

2.56 

16.7 

14.1 

7233 

No  KT  mean 

36.9 

32.3 

2.62 

16.7 

14.0 

7369 

CP72-370  KT 

Check 

38.3 

31.7 

2.68 

16.3 

13.6 

7372 

Ridomil 

36.5 

32.9 

2.52 

16.3 

13.5 

6932 

Furadan 

38.9 

34.0 

2.53 

16.5 

13.9 

7798 

Rido.  + 

Fur. 

36.6 

32.2 

2.53 

16.0 

13.2 

6848 

KT  Mean 

37.6 

32.7 

2.57 

16.3 

13.6 

7238 

LSD  .05  Treatments 

NS 

2.4 

0.17 

0.4 

0.4 

708 

LSD  .05  KT 

Means 

NS 

NS 

NS 

0.2 

0.2 

NS 

Mean  pest 

icide  e 

ffect 

Check 

37.9 

32.2 

2.69 

16.5 

13.9 

7493 

Ridomil 

36.8 

32.2 

2.57 

16.5 

13.6 

7120 

Furadan 

37.8 

33.0 

2.57 

16.6 

14.0 

7561 

Rido.  + 

Fur. 

36.4 

32.6 

2.55 

16.3 

13.6 

7041 

LSD  .05  Pesticide  Means 

NS 

NS 

0.12 

NS 

0.3 

501 

Kleen-Tek  (KT)  and  "field  run"  seed  of  CP72-370  was  planted  for 
the  test  in  1988.   Furadan  was  applied  at  planting  time  and  in  the 
spring  and  Ridomil  was  applied  only  in  the  spring  of  1989.   Appli- 
cation rates  were  10  lbs. /A  Furadan  and  one  pint/A  Ridomil.   A 
normal  fertilizer  rate  was  applied  to  all  plots  and  the  cane  was 
harvested  in  November,  1989. 


This  test  was  conducted  in  cooperation  with  Dr.  Howard  Viator 
at  the  Iberia  Research  Station. 


27 


MANAGING  FOR  STUBBLE  LONGEVITY  WITH 
KLEENTEK  AND  FIELD-RUN  CP  72-370 

(Plant  Cane  Response) 

Howard  P.  Viator,  Iberia  Research  Station 

and 
Ray  Ricaud  and  Allen  Arceneaux,  Agronomy  Department 

Introduction: 

The  benefits  of  stubble  longevity  are  obvious,  considering  the 
high  cost  of  planting.  Successful  stubble  crops  help  spread  the 
high  cost  of  fallow  activities,  seedbed  preparation  and  planting, 
conservatively  estimated  by  the  LSU  Agricultural  Economics 
Department  to  range  from  $232  to  $385  per  acre,  depending  mainly 
upon  location  and  choice  of  seed  source.  Although  the  adverse 
effects  of  our  relatively  severe  winter  temperatures  and  high 
rainfall  amounts  during  the  cool  season  are  mostly  uncontrollable, 
other  options  such  as  time  of  harvesting  and  planting,  proper 
varietal  selection,  and  control  of  pests  are  manageable. 
Furthermore,  other  good  stubbling  practices  include  the 
minimization  of  compaction  through  subsoil ing,  promotion  of 
drainage  by  properly  preparing  seedbeds,  proper  timing  of  off- 
barring  and  stubble  shaving  when  appropriate  and  perhaps  other 
useful  cultural  practices.  Identifying  the  genetic,  cultural  and 
chemical  options  to  help  avoid  stubble  burnout  should  be  high  on 
the  research  agenda.  Several  researchers  are  investigating 
different  methods  and  approaches  to  enhancing  stubble  yields  and 
number  of  stubble  crops.  The  objective  of  this  investigation  is  to 
measure  the  response  through  the  cane  cycle  of  both  Kleentek  and 
field-run  CP  72-370  to  all  possible  combinations  of  winter  soil 
cover,  Furadan  and  Ridomil. 

Procedures; 

On  September  21,  1988,  forty-eight  plots  of  CP  72-370  were 
planted.  Management  factors  selected  include  Ridomil  vs.  no 
Ridomil,  Furadan  vs.  no  Furadan,  winter  soil  cover  vs.  no  winter 
soil  cover  and  CP  72-370  Kleentek  vs.  field-run  CP  72-370.  The 
design  used  was  a  split-plot,  with  Ridomil  treatments  as  main  plots 
and  other  factor  combinations  factorially  arranged  on  the  subplots. 
Three  replicates  of  all  possible  treatment  combinations  were 
utilized.  Furadan  was  applied  in-furrow  at  planting  and  in  the 
off-bar  in  the  spring  at  the  rate  of  10  lbs  of  formulated  material 
per  acre.  Ridomil,  at  1  pint  per  acre  of  formulated  material,  was 
applied  with  liquid  fertilizer  (132-0-66)  on  April  9,  1989. 
Millable  stalk  population  counts  were  made  and  certain  plots  were 
evaluated  for  RSD  and  SCMV  infection.  Cane  was  harvested 
mechanically  and  weighed  with  a  tractor-mounted  hydraulic  scale. 


Research  was  supported  by  an  American  Sugar  Cane  League  grant  and 
fertilizer  was  provided  by  Ouachita  Fertilizer  Co. 
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Juice  quality  and  stalk  weight  were  determined  using  fifteen  stalk 
samples  randomly  selected  from  each  plot.  Data  recorded  for  yield 
and  its  components  were  subjected  to  appropriate  analyses  of 
variance.  After  harvest  certain  plots  were  covered  with  three 
inches  of  soil  to  provide  winter  protection  for  stubble  pieces. 

Results; 

Juice  Quality  and  Sugar  Yields 

Statistical  analysis  of  the  data  revealed  significant 
treatment  effects  for  Ridomil  and  source  of  CP  72-370.  As  shown  in 
the  figure  on  the  next  page,  the  application  of  Ridomil 
significantly  reduced  sugar  almost  500  pounds  per  acre.  Sucrose, 
purity  and  CRS  were  also  significantly  reduced  by  the  application 
of  Ridomil.  Others  have  observed  the  depressing  and/or  negligible 
effects  of  Ridomil  on  the  yield  of  plant  cane  and  cane  planted  in 
virgin  land  with  no  recent  history  of  sugarcane  production.  It  has 
been  speculated  that  Pythium  populations  phytotoxic  to  cane  are 
minimized  during  the  fallow  period  prior  to  planting  and  on  virgin 
land.  This  speculation  suggests  that  the  inconsistency  of  Ridomil 
control  on  plant  cane  is  a  function  in  part  of  the  presence  or 
absence  of  specific  Pythium  species.  Additional  research  is 
required  for  confirmation. 

Juice  quality  parameters,  brix,  sucrose  and  CRS,  were  lower 
for  Kleentek  than  for  field-run  CP  72-370,  but  pounds  of  sugar  per 
acre  were  not  significantly  different  between  the  two  sources  of  CP 
72-370. 

Cane  Tonnage  and  Disease  Prevalence 

As  shown  in  Table  1,  cane  tonnage  did  not  differ  significantly 
among  the  main  effect  treatments  comparisons,  Kleentek  vs.  field- 
run  CP  72-370,  Ridomil  vs.  no  Ridomil,  and  Furadan  vs.  no  Furadan. 
However,  there  was  a  strong  tendency  (P=.18)  for  the  application  of 
Ridomil  to  reduce  cane  tonnage  and  thus  contribute  to  lower 
sugar/acre  yields,  as  discussed  in  the  section  above.  Ratoon 
stunting  disease  (RSD)  and  sugarcane  mosaic  virus  (SCMV)  disease 
ratings  were  made  on  a  subset  of  only  Kleentek  and  field-run  CP  72- 
370  plots  in  each  replication.  Radioimmunoassay  procedures 
revealed  a  moderate  to  low  level  of  RSD  in  the  field-run  cane  plots 
(Table  1) .  Also,  field-run  CP  72-370  cane  exhibited  about  twice 
the  amount  of  SCMV  as  did  Kleentek  CP  72-370. 
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Table  1.   Cane  tonnage  and  disease  ratings  of  CP  72-370  in  stubble 
longevity  investigation. 

Plant  Disease  Ratings 

cane  

Treatment  yield  RSD        SCMV 

tons/acre         %  of  stalks  infected 

Kleentek  37.5  0.0        6.2 

Field-run  36.9  15.0       16.2 

Ridomil  36.6  

No  Ridomil  37.9  

Furadan  37.1  

No  Furadan  37.4  

1/ 
Significant  difference 
between  treatments         NS  

1/  The  term  significance  implies  a  probability  of  5%  or  less  that 
the  difference  between  treatment  means  was  a  result  of  chance. 
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SOIL  FERTILITY  RESEARCH  WITH  SUGARCANE  IN  1989 

Ray  Ricaud  and  Allen  Arceneaux 
Agronomy  Department 

in  cooperation  with  the 
St.  Gabriel  and  Iberia  Research  Stations  and  Cane  growers 

Summary 

Seven  field  experiments  were  conducted  in  soil  fertility  for 
sugarcane  on  fertilization  in  a  cane-wheat  rotation,  rates  of 
fertilizers,  Furadan  and  fertilizers  in  succession  cane  and  gypsum. 
In  one  test  on  the  St.  Gabriel  Station  wheat  grown  on  land  normally 
fallow  prior  to  planting  cane  reduced  the  yield  in  plant  cane  but 
not  in  stubble  cane.  In  another  test,  wheat  reduced  plant  cane 
yield  only  without  applied  nitrogen. 

A  fertilizer  nitrogen  test  in  St.  James  showed  that  stubble 
cane  yields  were  increased  with  N  rates  up  to  120  lbs. /A,  but  not 
above  that  rate.  In  an  NPK  test  on  the  Iberia  Station,  stubble 
cane  yields  were  increased  with  80  lbs /A  of  N,  60  lbs/A  of 
phosphate  and  80  lbs /A  of  potash.  Higher  rates  of  N  and  K  did  not 
increase  yield.  In  another  test  in  Iberia  Parish,  plant  cane 
yields  were  increased  with  several  NPK  treatment  combinations ,  but 
the  increases  were  smaller  than  in  the  stubble  test. 

A  succession  cane  test  on  the  St.  Gabriel  Station  showed  that 
stubble  cane  yields  were  increased  with  NPK  fertilizers  applied  at 
planting  time,  higher  than  normal  NPK  rates  in  the  spring  and 
Furadan.  The  increases  were  largest  from  fall  applied  fertilizer, 
especially  without  Furadan.  A  gypsum  test  in  Iberia  Parish  showed 
that  a  10  Ton/A  gypsum  rate  continued  to  increase  yield  in  plant 
cane  during  a  second  cane  cycle  after  application. 

Objectives. 

The  research  was  designed  to  provide  information  in  an 
effort  to  help  cane  growers  to  produce  maximum  economic  yields  and 
to  increase  profitability  in  sugarcane  production.  This  annual 
progress  report  is  presented  to  provide  the  latest  available  data 
on  certain  practices  and  not  as  a  final  recommendation  for  growers 
to  use  all  of  these  practices.  Recommendations  are  based  on 
several  years  of  research  data. 

Results  and  Discussion 

Fertilization  in  Cane-Wheat  Rotation.  An  experiment  was 
initiated  in  plant  cane  in  1988  and  continued  in  stubble  cane  in 
1989  to  test  rates  of  fertilizers  in  a  cane-wheat  rotation.  Rates 
of  N  consisting  of  60,  120  and  180  lbs /A  were  applied  to  plots  with 
and  without  wheat  grown  during  the  previous  fallow  year.  Also,  a 
80  lbs/A  potash  rate  was  tested  at  the  180  and  240  lbs/A  rates  of 
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N  where  wheat  was  grown  the  previous  year.   The  experiment  was  on 
a  Commerce  silt  loam  soil  at  the  St.  Gabriel  Research  Station. 

The  first  stubble  yield  data  obtained  are  reported  in  Table  1. 
The  cane  yield  following  wheat  was  relatively  low  on  the  check  plot 
and  the  yield  increase  from  60  lbs/A  of  N  was  significant.  The 
cane  yield  increase  from  120  over  60  lbs/A  of  N  following  a  fallow 
year  was  also  significant.  The  increases  from  the  higher  N  rates 
were  small.  The  wheat  reduced  the  cane  yield  in  plant  cane  in 
1988,  but  not  in  first  stubble  in  1989.  The  potash  application  did 
not  increase  cane  yield. 

Another  experiment  was  initiated  in  plant  cane  in  1989  to  test 
rates  of  fertilizers  in  a  cane-wheat  rotation.  Nitrogen  rates  at 
60,  120  and  180  lbs/A  and  a  potash  rate  at  80  lbs/A  were  applied  to 
plots  with  and  without  wheat  grown  during  the  previous  fallow  year. 
The  test  was  on  a  Commerce  silt  loam  soil  at  the  St.  Gabriel 
Station.  The  plant  cane  yield  data  are  reported  in  Table  2.  The 
wheat  reduced  the  cane  yield  on  the  check  plot  without  applied 
nitrogen.  The  increase  from  60  lbs/A  of  N  was  significant  only 
where  wheat  was  previously  grown.  The  cane  yield  increases  from 
higher  N  rates  and  from  potash  application  were  small. 

Rates  of  Fertilizer  Application.  An  experiment  was  initiated 
with  plant  cane  in  1988  and  continued  with  first  stubble  cane  in 
1989  to  test  rates  of  nitrogen  on  cane  and  sugar  yield.  The  test 
was  on  a  Commerce  silt  loam  soil  on  Jerry  Woods  Farms  in  St.  James 
Parish.  The  N  rates  were  0,  60,  120,  180  and  240  lbs/A.  Variety 
CP65-357  was  planted  in  plots  and  the  fertilizer  treatments  were 
applied  in  April  of  each  crop  year.  The  first  stubble  yield  data 
obtained  in  November,  1989  are  reported  in  Table  3.  Significant 
increases  in  cane  and  sugar  yields  were  obtained  from  the  60  lbs/A 
of  N  over  the  check  plot  and  from  120  over  the  60  lbs /A  rate  of  N. 
The  increases  were  due  principally  to  increases  in  stalk 
population.   The  higher  N  rates  did  not  increase  yield. 

An  experiment  was  continued  to  test  rates  of  fertilizer 
application  on  the  yield  of  second  stubble  cane  on  an  Iberia  clay 
loam  soil  at  the  Iberia  Research  Station.  The  fertilizer 
treatments  consisted  of  80  and  160  lbs/A  of  N,  0  and  60  lbs /A  of 
phosphate  and  0,  80  and  160  lbs/A  of  potash  in  all  possible 
combinations.  Variety  CP  70-321  was  planted  on  the  plots  and  the 
treatments  were  applied  in  April,  1989.  The  second  stubble  yield 
data  obtained  in  November  are  reported  in  Table  4.  Each  fertilizer 
treatment  increased  the  cane  and  sugar  yield  over  the  check  plot 
without  applied  fertilizer.  The  yield  increased  with  80  lbs/A  of 
N,  but  the  increase  with  160  over  80  lbs /A  of  N  alone  was  small. 
The  phosphate  increased  yield  only  with  80  lbs/A  of  N  without 
potash.  Potash  at  the  80  lbs/A  rate  increased  yield  at  the  lower 
N  rate  and  potash  at  the  160  lbs/A  rate  increased  yield  at  both  N 
rates  without  applied  phosphate.  The  yield  differences  from  the 
160  over  80  lbs /A  of  potash  were  small. 


33 


An  experiment  was  initiated  to  test  rates  of  fertilizer 
application  on  yield  of  plant  cane  on  a  Jeanerette  silt  loam  soil 
on  the  Mark  Patout  farm  in  Iberia  Parish.  The  fertilizer 
treatments  consisted  of  60,  120  and  180  lbs/A  of  N,  0  and  40  lbs /A 
of  phosphate  and  0  and  80  lbs/A  of  potash  in  all  possible 
combinations.  Also,  180-40-80  plus  24  lbs /A  of  sulfur  was  included 
as  a  treatment  in  the  test.  Variety  CP  70-321  was  planted  in  the 
plots  and  the  treatments  were  applied  in  April,  1989.  The  plant 
cane  data  obtained  in  November  are  reported  in  Table  5.  The  60-0- 
80,  120-40-80  and  180-0-80  treatments  produced  more  cane  yield  than 
the  unfertilized  check  plot.  The  yield  increases  from  N  alone  and 
from  phosphate  were  small.  The  average  increase  from  potash 
approached  significance,  especially  with  the  180  N  rate  without 
phosphate.  The  sulfur  treatment  did  not  increase  cane  yield  in 
this  test. 


Fertilization  of  Succession  Cane.  An  experiment  was  continued 
with  first  stubble  in  1989  from  succession  planted  sugarcane  to 
determine  the  effects  of  applying  fertilizers  and  Furadan 
nematicide  in  the  fall  and  spring  on  cane  yield.  This  test  was 
planted  in  1987  in  succession  following  a  three-year  cycle  of  cane 
which  was  also  planted  in  succession  with  a  previous  cane  crop  in 
1984.  The  fertilizer  and  Furadan  treatments  applied  in  this  test 
were  the  same  as  those  applied  in  the  first  cycle  of  succession 
cane.  The  treatments  consisted  of  a  fall  application  of  0-0-0  and 
90-90-90  fertilizer  at  planting  time  and  a  spring  application  of 
120-0-80  and  240-0-160  fertilizers  in  each  crop  year.  Furadan  at 
a  rate  of  10  lbs/A  was  applied  at  planting  time  and  in  the  spring 
of  each  crop  year.  The  test  was  conducted  on  Commerce  silt  loam 
soil  on  the  St.  Gabriel  Research  Station. 

The  data  obtained  with  first  stubble  in  1989  are  reported  in 
Table  6.  The  application  of  a  90-90-90  fertilizer  at  planting  time 
in  1987  increased  cane  yield  where  Furadan  was  not  applied.  The 
240-0-160  increased  yields  over  the  120-0-80  applied  in  the  spring 
with  and  without  the  fall  fertilizer  and  Furadan  treatments.  The 
Furadan  increased  cane  yield  where  fall  fertilizer  was  not  applied. 

Gypsum  Test.  A  test  was  continued  with  plant  cane  in  a  second 
cycle  of  cane  after  the  application  of  gypsum  rates  on  an  Alligator 
clay  soil  on  Jackie  Judice  Farm  in  Iberia  Parish.  The  treatments 
consisting  of  0,  1,  2.5,  5  and  10  Tons/A  of  mined  gypsum  were 
applied  prior  to  planting  in  1984.  A  cycle  of  cane  crop  was  grown 
in  1985-87  and  a  second  cycle  was  planted  in  1988  without 
reapplying  the  gypsum  treatments.  This  was  done  to  determine  the 
long-term  effects  of  relatively  high  gypsum  rates  on  cane  yield. 

The  yield  data  obtained  in  plant  cane  in  1989  are  reported  in 
Table  7.  The  increases  in  cane  yield  from  the  1-,  2.5-  and  5-ton 
rates  were  similar  and  small.  The  increases  in  cane  yield  from  the 
10-ton  rate  over  the  0-,  1-  and  2.5-ton  rates  were  significant. 
The  increase  in  sugar  per  acre  from  the  10-ton  rate  over  the  check 
plot  was  also  significant. 
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Table  1.  Effect  of  rate  of  fertilizer  application  on  the  yield 
of  first  stubble  cane  following  a  wheat  crop  and  a  fallow 
year  on  a  Commerce  silt  loam  soil  at  the  St.  Gabriel 
Research  Station,  1989. 


Fertilizer 

Stubble 

applied 

Previous 
crop 

cane 
yield 

Sta 

Ik 

Norma 
Brix 

1  juice 
Sucrose 

Sugar 

N-P205-K20 

No. 

Wt. 

yield 

lbs /A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

Wheat 

14.4 

22.1 

2.25 

17.3 

14.5 

2994 

60-0-0 

Fallow 

24.9 

30.5 

2.46 

17.8 

14.9 

5339 

60-0-0 

Wheat 

26.9 

29.3 

2.39 

17.2 

14.3 

5473 

120-0-0 

Fallow 

27.8 

32.7 

2.69 

17.3 

14.5 

5766 

120-0-0 

Wheat 

28.5 

30.8 

2.60 

17.7 

14.7 

6036 

180-0-0 

Fallow 

28.8 

33.1 

2.70 

17.4 

14.6 

6014 

180-0-0 

Wheat 

29.0 

32.9 

2.45 

17.4 

14.6 

6044 

180-0-80 

Wheat 

30.6 

32.8 

2.60 

17.2 

14.4 

6295 

240-0-80 

Wheat 

32.2 

33.7 

2.60 

17.4 

14.5 

6715 

LSD  .05 

2.2  ' 

2.6 

0.26 

NS 

NS 

701 

The  wheat  plots  were  harvested  in  May  and  the  cane  was 
planted  in  September,  1987.   The  fertilizer  experiment  was 
conducted  with  variety  CP  76-331  in  plant  cane  in  1988  and 
first  stubble  in  1989.   The  cane  was  fertilized  in  April  and 
harvested  in  November  of  each  year.   The  fertilizer  treatments 
were  applied  in  a  band  in  the  off-bar  furrows. 
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Table  3.  Effect  of  rate  of  nitrogen  fertilizer  application  on 
the  yield  and  yield  components  of  first  stubble  cane  on  a 
Commerce  silt  loam  soil  on  Jerry  Woods  Farms  in  St.  James 
Parish,  1989. 


Fertilizer 

Stubble 

applied 

cane 
yield 

Stalk 

Normal  juice 
Brix   Sucrose 

Sugar 

N_p205-K20 

No. 

Wt. 

yield 

lbs/A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

30.7 

33.8 

2.18 

18.3 

15.3 

6803 

60-0-0 

36.4 

39.3 

2.15 

17.8 

14.7 

7698 

120-0-0 

40.0 

42.9 

2.16 

18.6 

15.5 

9005 

180-0-0 

37.4 

39.8 

2.19 

18.3 

15.2 

8215 

240-0-0 

39.1 

40.6 

2.19 

18.6 

15.3 

8661 

LSD  .05 

3.6 

2.7 

NS 

0.4 

0.5 

858 

The  experiment  was  conducted  with  variety  CP  65-357  and  the 
cane  was  fertilized  in  April  and  harvested  in  November,  1989. 
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Table  4.    Effect  of  rate  of  fertilizer  application  on  the  yield 
and  yield  components  of  second  stubble  cane  on  an  Iberia 
clay  loam  soil  at  the  Iberia  Research  Station,  1989. 


Fertilizer 

Stubble 

applied 

cane 
yield 

Stalk 

Normal 
Brix 

juice 
Sucrose 

Sugar 

N-P205-K20 

No. 

Wt. 

yield 

lbs/A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

26.2 

26.3 

2.07 

16.2 

13.5 

5013 

80-0-0 

30.4 

34.9 

2.22 

17.0 

14.5 

6338 

80-60-0 

34.2 

34.2 

2.41 

17.0 

14.3 

7009 

80-0-80 

34.0 

32.9 

2.26 

16.0 

14.2 

6899 

80-60-80 

34.3 

33.6 

2.11 

17.3 

14.9 

7379 

80-0-160 

35.4 

33.8 

2.25 

16.9 

14.6 

7399 

80-60-160 

35.4 

35.0 

2.23 

17.1 

14.5 

7391 

160-0-0 

30.6 

33.8 

2.16 

16.8 

14.3 

6258 

160-60-0 

32.7 

35.6 

2.28 

17.0 

14.4 

7156 

160-0-80 

32.9 

35.3 

2.36 

16.2 

13.7 

6362 

160-60-80 

34.0 

33.9 

2.26 

16.6 

14.1 

6812 

160-0-160 

35.5 

35.2 

2.27 

17.3 

14.8 

7567 

160-60-160 

33.3 

34.7 

2.14 

17.3 

14.8 

7105 

LSD  .05 

3.0 

3.6 

0.28 

1.0 

1.2 

1099 

The  experiment  was  conducted  with  Variety  CP  70-321  and  the 
cane  was  fertilized  in  April  and  harvested  in  November,  1989. 

The  extractable  soil  K,  Ca,  Mg  and  P  were  227,  2996,  698  and 
181  ppm,  respectively,  with  a  soil  organic  matter  of  1.52%  and  pH 
6.0. 

This  test  was  in  cooperation  with  Dr.  W.  B.  Hallmark,  Iberia 
Research  Station. 
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Table  6.   Effect  of  fall  and  spring  applications  of  fertilizers 
and  Furadan  nematicide  on  the  yield  and  yield  components  of 
first  stubble  cane  from  planting  in  succession  without  a 
fallow  year  on  Commerce  silt  loam  soil  at  the  St.  Gabriel 
Research  Station,  1989. 


Fertil: 
N-P205- 

izer 
-K20 

Stubble 
cane 
yield 

Sta 

Ik 

Normal  juice 
Brix   Sucrose 

Sugar 

Fall 

Spring 

No. 

Wt. 

yield 

lbs/A 

lbs/A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

120-0-80 

22.4 

Succession  - 
28.5    2.35 

No  Furadan 
17.2   14.6 

4685 

240-0-160 

24.7 

27.9 

2.32 

17.4 

14.7 

5221 

90-90- 

•90 

120-0-80 

27.5 

28.2 

2.21 

17.5 

14.7 

5792 

240-0-160 

28.5 

29.7 

2.29 

16.9 

14.2 

5802 

No  Furadan  Mean 


0-0-0 


90-90-90 


120-0-80 
240-0-160 
120-0-80 
240-0-160 


25.8     28.6    2.29   17.2  14.6  5375 

Succession  -  10  lbs.  Furadan 

29.6     31.0    2.29   17.7  15.2  6496 

28.3  30.8    2.28   16.8  14.1  5697 

25.4  27.7    2.26   17.2  14.8  5383 
27.6     30.4    2.40   17.1  14.3  5619 


Furadan  Mean 


27.7 


29.9 


2.31   17.2   14.6 


5799 


LSD  .05  Treatment 
LSD  .05  Furadan  Means 


2.1 

2.4 

NS 

0.6 

0.6 

483 

1.0 

1.2 

NS 

NS 

NS 

241 

This  test  was  planted  in  1987  in  succession  following  a 
three-year  cycle  of  cane  which  was  also  planted  in  succession 
with  a  previous  cane  crop  in  1984.  Cane  variety  CP  70-321  was 
planted  in  the  test  and  the  fall  fertilizer  and  Furadan 
treatments  were  applied  at  planting  time.  The  spring  fertilizer 
and  Furadan  treatments  were  applied  in  April  and  the  cane  was 
harvested  in  November,  1989. 

The  extractable  soil  K,  Ca ,  Mg  and  P  were  117,  2036,  360  and 
106  ppm,  respectively,  with  a  soil  organic  matter  of  0.99%  and  pH 
6.2. 
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Table  2.   Effect  of  rate  of  fertilizer  application  on  the  yield 
of  plant  cane  following  a  wheat  crop  and  a  fallow  year  on  a 
Commerce  silt  loam  soil  at  the  St.  Gabriel  Research  Station, 
1989. 


Fertilizer 

Plant 

applied 

Previous 
crop 

cane 
yield 

Sta 

Ik 

Normal 
Brix 

juice 
Sucrose 

Sugar 

N-P205-K20 

No. 

Wt. 

yield 

lbs/A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

Fallow 

32.9 

29.4 

2.76 

15.4 

12.5 

5694 

0-0-0 

Wheat 

29.0 

26.5 

2.92 

16.0 

13.1 

5358 

60-0-0 

Fallow 

32.9 

27.9 

2.89 

16.4 

13.5 

6312 

60-0-0 

Wheat 

35.4 

30.3 

2.81 

15.8 

13.0 

6479 

120-0-0 

Fallow 

34.3 

29.5 

2.81 

15.8 

12.9 

6179 

120-0-0 

Wheat 

35.4 

29.8 

2.85 

15.7 

12.7 

6274 

180-0-0 

Fallow 

35.2 

30.8 

2.79 

16.0 

13.0 

6428 

180-0-0 

Wheat 

34.8 

30.3 

2.98 

16.1 

13.4 

6578 

180-0-80 

Fallow 

34.2 

29.8 

2.79 

15.6 

12.4 

5892 

180-0-80 

Wheat 

35.4 

30.6 

2.79 

15.8 

12.9 

6406 

LSD  .05 

2.2 

3.5 

NS 

0.8 

0.9 

664 

The  wheat  plots  were  harvested  in  May  and  the  cane  was 
planted   in   September,   1988.    The   fertilizer   experiment  was 
conducted  with  variety  CP  74-383  and  the  cane  was  fertilized  in 
April  and  harvested  in  December,  1989.   The  fertilizer  treatments 
were  applied  in  a  band  in  the  off-bar  furrows. 
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Table  5.   Effect  of  rate  of  fertilizer  application  on  the  yield 

and  yield  components  of  plant  cane  on  a  Jeanerette  silt  loam 
soil  on  Mark  Patout  Farms  in  Iberia  Parish,  1989. 


Fertilizer 

Plant 

applied 

cane 
yield 

Stalk 

Normal 

juice 

Sugar 

N-P205-K20 

No. 

Wt. 

Brix 

Sucrose 

yield 

lbs. /A 

T/A 

1000/A 

lbs. 

% 

% 

lbs/A 

0-0-0 

27.1 

27.9 

2.55 

15.9 

13.2 

5017 

60-0-0 

29.8 

29.4 

2.53 

16.0 

13.3 

5621 

60-0-80 

31.5 

29.4 

2.35 

15.5 

12.8 

5630 

60-40-0 

29.0 

28.6 

2.64 

15.8 

12.9 

5282 

60-40-80 

30.9 

29.5 

2.53 

16.1 

13.6 

5934 

120-0-0 

30.9 

29.5 

2.53 

16.2 

13.6 

5991 

120-0-80 

30.7 

28.0 

2.56 

16.1 

13.6 

5931 

120-40-0 

30.4 

30.2 

2.44 

16.0 

13.3 

5745 

120-40-80 

32.2 

29.6 

2.52 

15.9 

13.4 

6060 

180-0-0 

28.4 

29.1 

2.50 

16.2 

13.4 

5380 

180-0-80 

32.2 

29.0 

2.48 

15.7 

13.1 

5913 

180-40-0 

29.6 

29.9 

2.23 

16.0 

13.7 

5793 

180-40-80 

30.2 

29.1 

2.57 

15.3 

12.2 

5070 

180-40-80 

+  24S 

31.4 

29.3 

2.55 

15.4 

12.8 

5599 

LSD  .05 

4.4 

NS 

0.37 

NS 

1.2 

998 

The  experiment  was  conducted  with  Variety  CP70-321  and  the 
cane  was  fertilized  in  April  and  harvested  in  November,  1989. 

The  test  was  in  cooperation  with  Dr.  W.  B.  Hallmark,  Iberia 
Research  Station. 
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Table  7.   Effect  of  rates  of  mined  gypsum  on  the  yield  of  plant 
cane  in  a  second  cycle  of  cane  after  application  on  an 
Alligator  clay  soil  on  Jackie  Judice  Farm  in  Iberia  Parish, 
1989. 


Mined 
gypsum  1/ 
applied— 

Plant 

cane 

yield 

Millable 
stalk 
Wt. 

Normal 

juice 

Sugar 

Brix 

Sucrose 

yield 

T/A 
0 

T/A 
32.0 

lbs. 
2.64 

% 
17.7 

% 
15.1 

lbs/A 
6976 

1 

32.9 

2.49 

17.8 

15.1 

7157 

2.5 

32.4 

2.57 

18.0 

15.3 

7190 

5 

33.2 

2.57 

17.8 

15.0 

7199 

10 

35.3 

2.68 

17.7 

15.0 

7648 

LSD  .05 

2.2 

NS 

NS 

NS 

560 

The  gypsum  treatments  were  applied  broadcasted  and  disked 
into  the  soil  prior  to  planting  cane  in  1984.  A  cycle  of  cane 
crops  was  grown  in  1985-87  and  Variety  CP65-357  was  planted  in 
1988  for  a  second  cycle.  The  treatments  were  applied  prior  to 
the  first  cycle,  but  not  prior  to  the  second  cycle. 

This  test  was  conducted  in  cooperation  with  Dr.  Howard  Viator, 
Iberia  Research  Station. 
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USE  OF  PLANT  ANALYSES  IN  EVALUATING  THE  NITROGEN, 
PHOSPHORUS,  AND  POTASSIUM  STATUS  OF  SUGARCANE 

W.  B.  Hallmark  and  L.  P.  Brown 
Iberia  Research  Station 

Ray  Ricaud  and  A.  E.  Arceneaux 
Department  of  Agronomy 

In  the  fall  of  1986,  a  sugarcane  nitrogen  x  phosphorus  x 
potassium  (2x2x3)  soil  fertility  study  was  initiated  at  the  Iberia 
Research  Station  on  an  Iberia  clay  loam  soil.  Fertilizer 
treatments  consisted  of  80  and  160  lbs  N/ac,  0  and  60  lbs  P205/ac, 
and  0,  80,  and  160  lbs  K20/ac  in  all  possible  combinations.  Each 
treatment  was  replicated  three  times.  Plots  were  planted  to 
variety  CP  70-321  and  treatments  were  applied  in  April,  1987,  1988, 
and  1989.  Plant  leaf  samples  (leaf  with  the  first  visible  dewlap) 
were  taken  on  July  31,  1987,  August  2,  1988,  and  August  3,  1989  and 
analyzed  for  nitrogen,  phosphorus,  potassium,  calcium,  magnesium, 
copper,  manganese,  zinc,  iron,  and  sulfur  concentrations.  Sugar 
yields  and  plant  nutrient  concentrations  for  plant  cane  in  1987 
were  reported  in  the  1988  Sugarcane  Research  Annual  Progress 
Report.  Sugar  yields  and  plant  nutrient  concentrations  for  1988 
and  1989  are  given  in  Tables  1  and  2,  respectively. 

Results  for  first  stubble  cane  (Table  1)  show  that  significant 
(P<0.10)  yield  increases  were  not  obtained  with  N  application. 
While  negative  yield  responses  were  obtained  with  nitrogen  addition 
to  T#'s  3  and  5  where  nitrogen  tissue  levels  were  1.21  and  1.23%, 
respectively,  yield  decreases  were  not  obtained  with  nitrogen 
application  to  T#'s  1,  2,  and  4  where  tissue  N  was  higher. 

Sugar  yield  increased  with  P  application  to  T#  9,  but  not  to 
T#  3  which  had  a  lower  plant  P  concentration  (Table  1)  .  Yield 
decreased  with  P  application  to  T#  8,  but  not  to  T#'s  1,  2,  and  7 
where  plant  P  was  higher. 

Potassium  application  increased  sugar  yield  for  T#'s  1,  2,  4, 
7,  10,  and  11,  but  not  T#  5  which  had  a  lower  K  concentration  than 
T#  2  (Table  1)  .  A  negative  yield  response  resulted  from  K 
application  to  T#  8,  but  not  to  T#  2  where  tissue  K  was  higher. 

Results  for  second  stubble  cane  (Table  2)  show  that  yields 
were  not  increased  (P>0.10)  with  N  application.  Sugar  yields  for 
T#'s  3,  7,  8,  and  9  were  not  increased  with  addition  of  P  even 
though  their  tissue  P  concentrations  were  lower  than  that  for  T#  1 
where  P  application  increased  yields. 

Likewise,  yields  for  T#  10  were  not  increased  with  K 
application  even  though  its  tissue  K  level  was  lower  than  that  for 
T#  7  where  yields  were  increased  with  K  application. 

The  above  demonstrates  that  nutrient  concentrations  did  a  poor 
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job  of  indicating  whether  or  not  N,  P,  or  K  were  deficient. 
Experience  with  other  crops  indicate  that  interpreting  plant 
analyses  based  on  nutrient  balance  (plant  nutrient  ratios)  results 
in  more  accurate  diagnoses.  Research  is  needed  to  determine 
whether  this  approach  can  more  accurately  diagnose  the  N,  P,  and  K 
fertilizer  needs  of  sugarcane. 

Failure  to  increase  sugar  yields  with  increased  (160  lbs  N/ac) 
N  application  rates  to  first  and  second  stubble  cane  (Tables  1  and 
2,  respectively)  conflicts  with  the  recommended  N  application  rate 
of  140-160  lbs  N/ac  for  stubble  cane  on  heavy  soils  of  the  Teche 
region.  Conversely,  increased  first  stubble  sugar  yields  where  K 
application  was  increased  from  80  to  160  lbs  K20/ac  (Table  1)  was 
not  expected  since  it  is  recommended  that  K20  application  on  cane 
in  the  Teche  region  not  exceed  80  lbs/ac. 

Tables  3  and  4  demonstrate  how  consistent  yield  responses  to 
N,  P,  and  K  were  from  one  year  to  the  next.  Response,  or 
nonresponse,  of  yield  to  N,  P,  and  K  application  for  1987  and  1988 
were  used  to  predict  yield  response  to  N,  P,  and  K  application  in 
1988  and  1989,  respectively.  Table  4  shows  that  the  preceding  crop 
was  96,  83,  and  63%  accurate  in  predicting  response  to  N,  P,  and  K 
for  the  following  year.  These  results  indicate  that  if  a  system 
were  developed  to  accurately  diagnose  sugarcane  fertilizer  needs 
based  on  plant  analyses  (i.e.,  involving  nutrient  balance),  it 
should  be  possible  to  use  this  system  to  predict  the  fertilizer 
needs  for  the  following  year. 
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TABLE  3.   Sunmary  of  N,  P,  and  K  deficiencies  and  nondeficiencies  for 

sugarcane  grown  on  an  Iberia  clay  loam  soil  at  the  Iberia  Research 
Station  for  three  vears. 


Fertilizer 

.   t 
rxng 

Applied 
N-P205-K20 

Nutrient  status  du 

T# 

1987 

1988 

1989 

1 

80-0-0 

Nnd,Pnd,Knd 

Nnd,Pnd,Kd 

Nnd,Pd,Knd 

2 

80-0-80 

Nnd,Pnd,Knd 

Nnd,Pnd,Kd 

Nnd,Pnd,Rnd 

3 

80-0-160 

Nnd,Pd,Knd 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

4 

80-60-0 

Nnd,Pnd,Knd 

Nnd,Pnd,Kd 

Nnd,Pnd,Knd 

5 

80-60-80 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

6 

80-60-160 

Nd,Pnd,Knd 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

7 

160-0-0 

Nnd,Pnd,Knd 

Nnd,Pnd,Kd 

Nnd,Pnd,Kd 

8 

160-0-80 

Nnd,Pd,Knd 

Nnd.Pnd.Knd 

Nnd,Pnd,Knd 

9 

160-0-160 

Nnd,Pd,Knd 

Nnd,Pd,Knd 

Nnd,Pnd,Knd 

10 

160-60-0 

Ndn,Pnd,Kd 

Nnd,Pnd,Kd 

Nnd,Pnd,Knd 

11 

160-60-80 

Nnd,Pnd,Kd 

Nnd,Pnd,Kd 

Nnd,Pnd,Knd 

12 

160-60-160 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

Nnd,Pnd,Knd 

Nnd,  Nd,  Pnd,  Pd ,  Knd,  and  Kd  denote  N  nondeficiency ,  N  deficiency,  P 
nondeficiency,  P  deficiency,  K  nondeficiency,  and  K  deficiency,  respectively, 
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TABLE  4.   Accuracy  ( 
responses 

if  N,  P,  and  K  diagnoses  in  1988  and  1989  based  on  yield 
to  N,  P,  and  K  the  preceeding  year. 

Crop  Year 

Situations 

Diag.        1988       1989       Total       Accuracy 

1)  N  def., 

C 

2)  N  def., 

IC 

3)  N  nondef . , 

C 

4)  N  nondef  . , 

IC 

Overall  N  diag. 

(1+3) 

C 

(2+4) 

IC 

5)  P  def., 

c 

6)  P  def., 

IC 

7)  P  nondef. , 

c 

8)  P  nondef. , 

IC 

Overall  P  diag. 

(5+7) 

c 

(6+8) 

IC 

9)  K  def., 

c 

10)  K  def., 

IC 

11)  K  nondef. , 

c 

12)  K  nondef., 

IC 

Overall  K  diag. 

(9+11) 

c 

(10  +  12) 

IC 

0 
0 

0 
0 

0 
0 

11 

1 

12 
0 

23 
1 

11 

1 

12 
0 

23 

1 

1 

0 

0 

1 

1 
1 

9 
2 

10 

1 

19 
3 

10 

2 

10 
2 

20 

4 

2 

4 

1 
0 

3 

4 

6 
0 

6 

5 

12 
5 

8 
4 

7 
5 

15 
9 

96 


83 


63 


Cane  responses  to  N,  P,  and  K  fertilizer  application  in  1987  and  1988  were 
used  to  predict  yield  responses  to  the  same  nutrients  in  1988  and  1989, 
respectively.   Calculations  were  made  using  the  information  in  Table  3. 
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USE  OF  PLANT  ANALYSES  IN  EVALUATING  THE  NITROGEN, 
PHOSPHORUS,  POTASSIUM,  AND  SULFUR  STATUS  OF  PLANT  CANE 

W.  B.  Hallmark  and  L.  P.  Brown 
Iberia  Research  Station 

Ray  Ricaud  and  A.  E.  Arceneaux 
Department  of  Agronomy 

In  the  spring  of  1989,  a  sugarcane  nitrogen,  phosphorus, 
potassium,  sulfur  soil  fertility  study  was  initiated  on  the  farm  of 
Mark  Patout  at  Patoutville  on  a  Jeanerette  silt  loam  soil. 
Fertilizer  treatments  consisted  of  60,  120,  and  180  lbs  N/ac,  0  and 
40  lbs  P205/ac,  and  0  and  80  lbs  KgO/ac  in  all  possible 
combinations.  Additional  treatments  included  a  check  (0-0-0-0)  and 
a  treatment  receiving  180-40-80-24S.  All  treatments  were 
replicated  three  times  in  a  randomized  complete  block  design. 
Plots  (three  6'  x  80'  rows)  were  planted  to  variety  CP  70-321 
Kleentek  and  treatments  were  applied  in  April,  1989.  Plant  leaf 
samples  (leaf  with  the  first  visible  dewlap)  were  taken  on  August 
4,  1989  and  analyzed  for  nitrogen,  phosphorus,  potassium,  calcium, 
magnesium,  copper,  manganese,  zinc,  iron,  and  sulfur. 

Sugar  yields  and  plant  nutrient  concentrations  are  shown  in 
Table  1.  Sugar  yields  were  not  affected  (P>0.10)  by  fertilizer 
application  in  1989. 
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SWEET  SORGHUM  FOR  BIOMASS  AND  SUGAR  PRODUCTION 

IN  LOUISIANA 

Ray  Ricaud  and  Allen  Arceneaux 
Agronomy  Department 

in  cooperation  with  the 
St.  Gabriel  Research  Station 

Summary 

An  experiment  was  conducted  in  1989  to  test  the  effects 
of  varieties  and  fertilizer  rates  on  the  yield  of  sweet 
sorghum.  The  varieties  tested  were  Wray,  M81E  and  Cowley  and 
the  fertilizer  treatments  were  0-0-0,  90-0-0,  180-0-0,  180-0- 
80  and  180-0-160  in  pounds/A  of  N,  P205  and  K20.  There  was  an 
increasing  trend  in  stalk  population  and  weight  with 
increasing  fertilizer  rates  in  each  variety.  The  percent 
stalk  fiber  was  lower  in  Wray  than  the  other  varieties.  The 
stalk  and  total  biomass  yields  were  highest  with  M81E  and 
lowest  with  Cowley  and  increased  with  N  up  to  180  lbs/A  and 
potash  up  to  80  lbs/A. 

The  percent  of  each  sugar  component  was  highest  in  Wray 
and  lowest  in  M81E.  Due  to  higher  stalk  yields  with  M81E,  the 
sugar  yields  per  acre  were  similar  with  Wray  and  M81E  and 
higher  than  with  Cowley.  The  sugar  and  alcohol  yields  per 
acre  were  increased  with  90  lbs /A  of  N,  but  increases  from  a 
higher  N  rate  and  from  the  potash  rates  were  not  significant. 

Objectives 

The  research  was  conducted  to  evaluate  the  potential  of 
growing  sweet  sorghum  as  a  biomass  and  sugar  fermentation 
feedstock  for  the  production  of  fuel  alcohol  in  Louisiana. 

Results  and  Discussion 

An  experiment  conducted  in  1989  consisted  of  a  variety 
x  fertilizer  rate  test  on  a  Commerce  silt  loam  soil  on  the  St. 
Gabriel  Research  Station. 

The  varieties  planted  in  the  test  were  Wray,  M81E  and 
Cowley.  The  fertilizer  treatments  were  0-0-0,  90-0-0,  180- 
0-0,  180-0-80  and  180-0-160  in  lbs /A  of  N,  P205  and  K20.  The 
sorghum  plots  were  planted  in  April  and  each  variety  was 
harvested  at  its  mature  stage  during  August  and  September. 
The  plots  were  planted  in  two  drills,  22  inches  apart  on  rows 
spaced  six  feet  apart.  The  plant  spacing  was  three  plants  per 
foot  in  each  drill.  The  plots  were  three  rows  wide  and  50 
feet  long  with  three  replications  of  each  treatment.  This 
method  of  planting  was  chosen  to  accommodate  sugarcane 
harvesting  equipment.  The  fertilizer  treatments  were  bedded 
in  the  rows  prior  to  planting.   Atrazine  was  used  as  a 


50 


preemergence  herbicide  and  Guthion  was  used  to  control 
sugarcane  borers.  Furadan  was  applied  at  planting  time  to 
control  lesser  corn  borers. 

The  plant  population  and  yield  of  stalks,  leaves  and  tops 
were  measured  at  harvest  time  of  each  variety.  Also,  the 
percent  brix  or  total  sugar  solids  and  sucrose  in  the  sorghum 
juice  and  percent  fiber  in  the  stalks  were  measured  at  harvest 
time.  The  brix  and  sucrose  were  determined  with  a 
refractometer  and  polariscope,  respectively.  The  total 
fermentable  sugars  were  calculated  from  a  predetermined 
relationship  between  liquid  chromatograph  analyses  for  total 
sugars  and  brix  analyses  expressed  by  the  equation  %  total 
sugars  =  %  Brix  -  .70.  The  alcohol  yield  was  calculated  from 
the  theoretical  conversion  of  .07  gallon  of  alcohol  per  pound 
of  fermentable  sugar. 

Biomass  Yield 

The  data  obtained  on  biomass  yield  are  reported  for 
individual  treatments  in  Table  1  and  for  factorial  mean  effect 
in  Table  2.  The  plant  population  was  adjusted  to  a  uniform 
stand  in  early  spring,  but  the  average  population  at  harvest 
time  was  less  especially  with  Cowley  than  the  other  varieties. 
The  differences  in  stalk  population  was  due  principally  to  the 
stooling  ability  of  the  different  varieties.  There  was  an 
increasing  trend  in  stalk  population  and  weight  with 
increasing  fertilizer  rates  in  each  variety. 

The  percent  fiber  in  the  millable  stalks  ranged  on  an 
average  from  15.1%  in  Wray  to  18.2%  in  M81E  and  was  not 
affected  by  the  fertilizer  treatments.  The  net  stalk  yield 
was  higher  with  M81E  (18.6  T/A)  and  lower  with  Cowley  (13.6 
T/A)  than  with  Wray  (15.6  T/A).  As  an  average,  the  stalk 
yield  was  increased  with  90  lbs/A  of  N  and  with  180  lbs/A  over 
the  lower  N  rate.  Also,  potash  at  80  lbs /A  increased  stalk 
yield,  especially  in  Cowley. 

The  average  percent  leaves  on  the  stalks  ranged  from 
11.9%  in  M81E  to  15.5%  in  Cowley.  The  average  percent  tops 
which  included  the  seed  heads  ranged  from  2.6%  in  Wray  to  4.3% 
in  Cowley.  Cowley  was  lowest  in  percent  stalk  and  highest  in 
percent  leaves  and  tops  in  the  total  biomass.  The  N 
fertilizer  increased  the  stalk  yield  per  acre  and  decreased 
the  percent  leaves  and  tops  in  each  variety. 

The  total  biomass  which  included  the  stalks,  leaves  and 
tops  was  highest  in  M81E  and  lowest  in  Cowley.  The  average 
biomass  yield  was  increased  with  90  lbs/A  of  N  and  with  180 
lbs /A  of  N  over  the  lower  rate  and  with  80  lbs /A  of  potash. 
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Sugar  and  Alcohol  Yield 

The  sugar  and  alcohol  yield  data  are  reported  for  each 
treatment  and  the  factoral  means  in  Table  3.  The  brix, 
sucrose  and  total  sugars  in  the  sorghum  juice  are  expressed 
as  percent  of  stalk  weight  and  not  as  percent  of  extracted 
juice.  The  percent  of  each  sugar  component  was  highest  in 
Wray,  intermediate  in  Cowley  and  lowest  in  M81E.  The  percent 
sucrose  was  much  lower  in  M81E  than  the  other  varieties.  Wray 
and  Cowley  are  early  maturing  sugar  varieties  and  M81E  is  a 
late  maturing  sirup  variety.  However,  due  to  the  higher  stalk 
yield  with  M81E,  the  total  sugar  and  alcohol  yields  per  acre 
were  similar  with  Wray  and  M81E  and  higher  than  with  Cowley. 

Each  fertilizer  treatment  produced  more  percent  brix, 
sucrose  and  total  sugar  than  the  check  plot.  The  sugar  and 
alcohol  yields  per  acre  were  increased  with  90  lbs/A,  but 
increases  from  N  above  that  rate  and  from  the  potash  rates 
were  not  significant. 
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Table  3.   Effect  of  varieties  and  rates  of  fertilizer  on  the 
sugar  and  alcohol  yield  of  sweet  sorghum  on  a 
Commerce  silt  loam  soil  on  the  St.  Gabriel  Research 
Station,  1989. 


Sweet 

Fertilizer 
N-P205-K20 
lbs/A 

Sugar  yield  in  stalks 

at  maturity 

Alcohol 

Sorghum 

Brix      Sucrose 

Total  sugars 
%     lbs/A 

yield 

Variety 

%       %    lbs/A 

gal/A 

Wray 


0-0-0 

90-0-0 

180-0-0 

180-0-80 

180-0-160 


16.1 
17.3 
17.5 
17.1 
16.6 


13.6 
14.1 
14.4 
14.7 
13.9 


2053 
4289 
6071 
5287 
5389 


15.5 
16.7 
16.9 
16.5 
16.0 


2335 
5079 
6081 
5923 
6177 


163 
356 
426 
414 
433 


M81E 


0-0-0 

90-0-0 

180-0-0 

180-0-80 

180-0-160 


10.9 
13.5 
13.8 
13.6 
14.0 


7.7 
10.1 
10.1 
10.0 
10.4 


1374 
5735 
4117 
4371 
4803 


10 
13 
13 
13 
13 


1883 
4821 
5438 
5748 
6249 


132 
338 
381 
403 
437 


Cowley 


0-0-0 

90-0-0 

180-0-0 

180-0-80 

180-0-160 


12.7 
16.1 
15.9 
16.8 
15.9 


9 
13 
12 
14 
13 


930 

3839 

3795 

5232 

4182 


12 
15 
15 
16 

15 


1187 
4468 
4482 
5984 
4871 


83 
313 
314 
419 
341 


HSD  .05 


2.5 


2.6 


2974 


2.4 


1252 


88 


16.9 

Factorial 

mean  e 

ffect 

Wray 

14.1 

4618 

16.3 

5119 

358 

M81E 

13.2 

9.6 

4080 

12.7 

4828 

338 

Cowley 

15.5 

12.6 

3596 

14.9 

4199 

294 

0-0-0 

13.2 

10.3 

1452 

12.8 

1802 

126 

90-0-0 

15.7 

12.5 

4621 

15.1 

4789 

335 

180-0-0 

15.7 

12.5 

4661 

15.1 

5334 

373 

180-0-80 

15.9 

13.0 

4963 

15.3 

5885 

412 

180-0-160 

15.5 

12.5 

4791 

14.9 

5766 

404 

HSD  .05     Variety       0.7     0.8     887     0.7     373     26 
HSD  .05      Fertilizer     1.1     1.2    1348     1.1     568     40 


Sugar  content  expressed  as  percent  of  stalk  weight. 
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CULTURE  OF  WHEAT  ON  SUGARCANE  ROWS 

Howard  P.  Viator 
Iberia  Research  Station 

Introduction: 

Wheat  production  in  the  sugarcane  parishes  of  Louisiana  has 
not  only  been  insignificant  in  terms  of  statewide  production,  but 
also  has  been  a  disappointing  experience  for  many  growers.  The  low 
yields  experienced  by  many  sugarcane  growers  can  often  be 
attributed  to  poor  stands  resulting  from  plantings  on  poorly 
drained,  clay  soils.  Numerous  investigations  have  demonstrated 
that  these  soils  adversely  affect  wheat  growth  due  to  waterlogging, 
poor  nitrogen  efficiency  and  perhaps  Pvthium  root  rot.  An 
additional  constraint  to  economical  wheat  yields  in  the  sugarbelt 
is  the  hostile  environment  prevalent  during  the  grain-filling 
period.  Relatively  high  temperatures  limit  the  grain  filling 
period  and  excessive  moisture  encourages  foliar  disease  organisms. 
The  primary  objective  of  this  study  was  to  determine  if  wheat  grown 
on  low-profile,  sugarcane  rows  is  superior  to  that  grown  on 
conventional  flat  seedbeds  when  planted  on  poorly  drained,  heavy- 
textured  soil.  Secondary  objectives  were  to  evaluate  the  use  of 
Ridomil  fungicide  application  and  intense  management.  Ridomil 
fungicide  has  been  shown  to  be  ef f icacous  in  the  control  of  Pythium 
root  rot  in  rice  and  sugarcane  in  southern  Louisiana.  There  exists 
a  clear  need  to  identify  the  "management  package"  required  to  make 
wheat  a  reliable  and  economically  feasible  commodity  to  consider 
for  rotational  planting  with  sugarcane. 

Procedures; 

'Florida  302'  wheat  was  planted  on  November  15,  1988  in  very 
heavy-textured  Alligator  clay  at  Northside  Planting  Co.  (Judice 
family)  on  both  low-profile  sugarcane  row  and  flat  plots  at  the 
seeding  rate  of  120  pounds  per  acre.  All  plots  were  seeded  with  6 
double-disk  openers  spaced  8  inches  apart.  Evidently,  moisture  was 
adequate  for  germination  and  emergence  only  on  the  sugarcane  rows, 
as  wheat  seedlings  took  over  15  days  to  fully  emerge  on  the  flat- 
planted  plots.  Ridomil  was  applied  at  one  pint  of  formulated 
material  per  acre  in  25  gals  of  water  per  acre  in  a  bicycle-wheel 
sprayer  8  days  after  planting  on  November  23,  1988  to  coincide  with 
an  expected  rain  shower,  which  occurred  within  hours  of  fungicide 
application.  All  plots  were  topdressed  with  ammonium  nitrate  to 
provide  a  starter  amount  of  20  lbs  of  nitrogen  per  acre  on  December 
5,  1988.  On  January  26,  1989  at  growth  stage  4  (fully  tillered), 
high  yield  management  plots  received  50  lbs  of  nitrogen  and 
conventionally  managed  plots  received  100  lbs  of  nitrogen  per  acre. 
Plots  chosen  for  intense  management  received  an  additional  100  lbs 
of  nitrogen  per  acre  at  growth  stage  6  (first  node  visible)  on 
February  27,  1989.  All  spring  topdressings  were  accomplished  with 
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ammonium  nitrate.  Also  at  full  tiller,  Ridomil  (sprayed  with  a  C02 
backpack  sprayer  using  78  gals  of  water  per  acre)  was  applied  at  1 
pint  of  formulated  material  per  acre.  In  addition  to  receiving  a 
split  application  of  150  lbs  of  nitrogen  per  acre  in  the  spring, 
intense  management  consisted  of  applying  fungicide  (2  lbs  of 
Dithane  plus  2  ozs  of  Bayleton  per  acre)  on  March  21  and  April  16, 
1989  to  the  foilage  to  suppress  disease. 

The  center  4  rows  of  each  plot  was  harvested  with  a  small  plot 
combine  on  May  16,  1989.  Grain  weight  and  moisture  content  were 
measured  and  yields  adjusted  to  13.0%  moisture.  The  components  of 
grain  yield,  spikes  per  unit  area,  weight  per  kernel  and  kernels 
per  spike,  were  determined  for  all  flat-planted  plots  and  low- 
profile  row  plots  receiving  either  no  Ridomil  or  Ridomil  at 
planting  and  intense  management.  Treatments  were  factorially 
arranged  in  a  randomized  block  design,  with  4  replicates.  Data 
were  analyzed  with  analysis  of  variance  procedures. 

Results: 


As  depicted  in  the  figure  on  the  next  page,  wheat  grown  on 
sugarcane  rows  (profile  lowered  to  approximately  10-12  in.)  average 
13.9  bushels  per  planted  acre  more  than  flat-planted  wheat.  This 
positive  yield  response  to  planting  wheat  on  sugarcane  rows  is  the 
second  observed  advantage  to  row  planting.  A  similar  yield 
response  was  achieved  on  Commerce  silt  loam  at  the  St.  Gabriel 
Research  Station.  For  both  occasions  when  row  yields  were 
significantly  superior  to  flat-planted  yields,  poor  drainage  was 
the  obvious  culprit.  It  must  be  noted,  however,  that  the  low- 
profile  row  approach  utilized  only  two-thirds  of  the  amount  of  the 
flat-planted  land  on  a  land  unit  basis,  making  flat-planted  wheat 
yields  higher  per  acre  of  land  used.  Yield  component  analysis 
revealed  that  higher  kernel  number  per  spike  accounted  for  the 
better  wheat  yields  on  the  rows.  Components  of  grain  yield  were 
compared  using  only  intensely  managed  plots  which  received  Ridomil 
at  planting  or  no  Ridomil.  Yield  components  were  not  measured  for 
low-profile  row  plots  receiving  Ridomil  at  full-tiller. 

The  response  of  wheat  to  both  Ridomil  and  intense  management 
was  not  statistically  significant  (Table  1)  .  The  average  yield 
advantage  for  plots  receiving  the  additional  nitrogen  and  fungicide 
inputs  was  2.5  bushels  per  acre,  but  this  numerical  difference  was 
not  statistically  important.  Even  though  foliar  disease  pressure 
was  minimized  somewhat  by  the  application  of  the  Dithane  and 
Bayleton  combination,  it  did  not  translate  into  meaningful  yield 
differences  between  conventionally  and  intensely  managed  wheat. 
None  of  the  interactions  among  the  variables  measured  was 
significant. 

No  attempt  was  made  in  this  study  to  identify  Pvthium  species 
associated  with  wheat  roots.  However,  adjacent  fields  with  similar 
histories  of  sugarcane  production  were  used  to  evaluate  the 
efficacy  of  Ridomil  application  on  sugarcane  production.  Pvthium 
species  were  recovered  from  sugarcane  soils  in  these  studies,  with 
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Pythium  arrhenomanes  the  most  prevalent  and  most  pathogenic  specie 
isolated  from  sugarcane  roots. 

Table  1.   Influence  of  Ridomil  and  management  on  the  yield  of 
'Florida  302'  wheat. 


Management 


—  Time  of  Ridomil  Application  — 
Control    Planting   Full  Tiller   Avg, 


2 
Intense 

1 
70.0 

-  -  -  -  bu/acre  -  -  - 
70.5         68.5 

69.7 

Conventional 

68.1 

66.8         66.7 

67.2 

C.  V.  =  8.9% 


Yields  were  not  significantly  different. 


Intense  management  consisted  of  an  additional  50  lbs  of  applied 
nitrogen  and  the  application  of  the  fungicide  combination  (2  lbs 
of  Dithane  +  2  ozs  of  Bayleton  )  on  3/21  and  4/16/89. 
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Itchgrass  Control  Research  in  Sugarcane 

James  L.  Griffin  and  Reed  J.  Lencse 
Dept.  Plant  Pathology  and  Crop  Physiology 

Research  in  1989  was  conducted  in  Assumption,  East  Baton 
Rouge,  Iberia,  Iberville,  Lafourche,  and  Pointe  Coupee  parishes  to 
evaluate  preemergence  and  postemergence  herbicides  for  control  of 
itchgrass  or  raoulgrass  (Rottboellia  cochinchinensis)  in  sugarcane. 
Additionally,  greenhouse  studies  were  conducted  preliminary  to  the 
field  studies  to  determine  efficacy  of  postemergence  herbicides  on 
"Bayou  Lafourche"  and  "Bayou  Teche"  itchgrass  biotypes  as 
influenced  by  application  rates  and  timing.  Competition  studies 
were  conducted  to  delineate  the  effect  of  time  of  itchgrass 
competition  on  sugarcane  yield  and  juice  quality. 

Preemercrence  Herbicide  Studies: 

Several  preemergence  herbicides  including  Prowl 
(pendimethalin) ,  Reflex  (fomesafen) ,  and  Command  (clomazone)  were 
compared  to  the  standard  Treflan  incorporated  treatment  for 
itchgrass  control  in  Lafourche  and  Pointe  Coupee  Parishes.  Removal 
of  sugarcane  residue  and  winter  weeds  from  the  bed  (shaving)  did 
not  enhance  itchgrass  control  with  the  preemergence  surface 
treatments  as  compared  to  application  to  an  undisturbed  bed. 
Itchgrass  control  was  similar  at  the  locations  and  averaged  92% 
with  Treflan  at  2.0  and  3.0  lb/A,  87%  with  Prowl  at  2.0  and  3.0 
lb/A,  78%  with  Command  at  1.0  and  1.5  lb/A,  and  80%  with  Reflex  at 
0.75  and  1.0  lb/A.  At  both  locations,  rainfall  was  received  within 
10  days  after  herbicide  application.  Sugarcane  injury  was  minimal 
for  all  treatments  but  some  temporary  whitening  of  plants  was 
observed  with  Command. 

Prowl,  Command,  Reflex,  prodiamine,  Lexone  (metribuzin) , 
Sinbar  (terbacil)  ,  atrazine,  and  BAS  514  were  applied  to  an 
undisturbed  bed  with  dead  cane  residue  and  6-10  inch  new  growth 
present  in  Assumption  Parish  and  to  a  bed  where  residue  was  removed 
with  a  rotary  mower  in  Iberia  Parish  to  compare  itchgrass  control 
and  cane  tolerance.  Itchgrass  control  was  comparable  at  the 
locations  for  Prowl  at  2.0  and  3.0  lb/A  (92%),  Reflex  at  0.5,  0.75, 
and  1.0  lb/A  (85%),  prodiamine  at  1.5,  2.0,  and  2.5  lb/A  (87%),  and 
BAS  514  at  0.25,  0.50,  and  1.0  lb/A  (42%).  Command  at  1.0  and  2.0 
lb/A  provided  92%  control  in  Assumption  Parish  but  83%  in  Iberia 
Parish.  Lexone  at  2.3  lb/A  and  atrazine  at  2.9  lb/ A  gave  good 
control  in  Assumption  Parish  but  poor  control  in  Iberia  Parish. 
Poor  itchgrass  control  at  both  locations  was  obtained  with  Sinbar 
at  1.9  lb/A.  As  noted  in  the  previous  studies,  rainfall  for 
herbicide  activation  was  received  within  10  days  after  application 
and  sugarcane  injury  was  minimal  for  all  herbicide  treatments. 
Command  caused  temporary  whitening  of  cane  at  both  locations  but 
stalk  populations  were  unaffected. 
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Postemergence  Herbicide  Studies: 

Greenhouse/field  studies.  Both  "Bayou  Lafourche"  and  "Bayou  Teche" 
itchgrass  biotypes  were  grown  in  the  greenhouse  to  evaluate  control 
with  experimental  postemergence  herbicides  including  Accent 
(nicosulfuron)  from  DuPont,  Beacon  (primasulfuron  methyl)  from  Ciba 
Geigy,  and  KIH  2  665  from  Dow/Elanco  compared  to  the  Asulox 
standard.  Accent  at  rates  as  low  as  0.015  lb/A  was  the  only 
herbicide  treatment  that  provided  acceptable  control  of  both 
itchgrass  biotypes.  In  a  field  study  where  no  crop  was  present, 
Accent  at  0.015  lb/A  controlled  itchgrass  as  large  as  12  inches  in 
height. 

Postemergence  over-the-top  studies.  Accent  at  0.015,  0.03,  and 
0.06  lb/A,  Beacon  at  0.03  and  0.06  lb/A,  and  KIH  2665  at  0.10  lb/A 
were  compared  to  Asulox  at  3.34  lb/A  for  itchgrass  control  and 
sugarcane  tolerance  in  Pointe  Coupee  and  Lafourche  Parishes. 
Herbicide  treatments  were  applied  using  the  standard  3  nozzle  per 
row  application  method.  Itchgrass  populations,  determined  by 
counting  the  number  of  stems  with  at  least  2  nodes,  in  late  summer 
were  significantly  lower  for  the  Accent  and  Asulam  treatments  as 
compared  to  Beacon  and  KIH  2  665.  Sugarcane  stalk  populations  and 
heights,  however,  were  significantly  reduced  with  Accent,  Beacon, 
and  KIH  2  665  compared  to  Asulox  indicating  poor  cane  tolerance. 

Postemergence  directed  studies.  To  further  evaluate  potential  use 
of  Accent,  applications  were  made  using  a  2  nozzle  per  row 
configuration  with  the  nozzle  directly  on  top  of  the  row  removed 
(semi-postdirect  type  application) .  It  was  hoped  that  this  would 
reduce  cane  injury  but  would  still  provide  itchgrass  control. 
These  studies  were  conducted  in  Pointe  Coupee  and  Lafourche 
Parishes  and  registered  treatments  of  Gramoxone  Super  (paraquat) 
at  0.5  lb/A,  Evik  (ametryn)  at  2.4  lb/A,  and  Asulox  at  3.34  lb/A 
were  included  for  comparison.  Itchgrass  control  with  Accent  at 
0.03  lb/A  was  at  least  80%  but  cane  injury  was  still  excessive. 
Good  to  excellent  control  of  itchgrass  as  large  as  12  inches  was 
obtained  at  both  locations  with  Gramoxone  Super.  Some  temporary 
burn  of  the  cane  foliage  occurred  with  Gramoxone  but  stalk 
populations  in  August  and  cane  and  sugar  yields  were  similar  to 
the  Asulox  standard.  Since  Gramoxone  is  labeled  for  use  in 
sugarcane,  emphasis  should  be  placed  on  its  futher  evaluation. 

Interference/Competition  Studies : 

Studies  were  conducted  in  Pointe  Coupee  and  Lafourche  Parishes 
to  determine  the  effect  of  time  of  itchgrass  competition  on 
sugarcane  growth  and  yield.  Itchgrass  was  removed  by  hand  at  two- 
week  intervals  seasonlong  (no  competition) ,  from  itchgrass 
emergence  in  the  spring  until  layby  on  June  12  and  allowed  to 
reinfest  thereafter  (late  season  competition) ,  and  from  layby  until 
harvest  (early  season  competition) .  An  unweeded  (seasonlong 
competition)  treatment  was  included  for  comparison.  Responses  were 
similar  at  the  two  locations.  Seasonlong  itchgrass  competition 
reduced  sugarcane  stalk  populations  an  average  of  34%  compared  to 
no  itchgrass  competition.   Sugarcane  stalk  yields  and  sugar  yields 
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with  seasonlong  competition  averaged  43%  lower  than  the  no 
competition  treatment.  Stalk  and  sugar  yields  with  no  itchgrass 
competition  and  late  season  competition  were  similar  indicating 
that  itchgrass  emerging  after  layby  was  not  yield  limiting.  The 
similarity  in  stalk  populations  and  sugarcane  yields  for  early 
season  and  seasonlong  itchgrass  competition  indicates,  contrary  to 
popular  belief,  that  itchgrass  emerging  prior  to  layby  is  most 
detrimental . 

These  findings  stress  the  importance  of  an  early  spring 
incorporated  application  of  Treflan,  Trilin,  or  Trifluralin 
followed  by  Asulox  early  postemergence  if  needed.  Additionally, 
application  of  an  incorporated  treatment  at  layby  for  late  season 
itchgrass  control  may  not  enhance  sugarcane  yields  but  can  reduce 
itchgrass  seed  production. 
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Varietal  Resistance  to  the  Sugarcane  Borer 
T.  E.  Reagan  and  Ricardo  Bessin 

Portion  of  Annual  Report  LAES  Project  LA2657  and  LA2013 

Resistance  to  Diatraea  saccharalis  (F)  damage  in  sugarcane  can  be 
categorized  predominately  as  antibiosis.  Physical  characteristics  of  the  plant, 
such  as  leaf- sheath  appression  and  rapid  rind  hardness  development  contribute 
to  the  differential  survival  of  young  larvae  among  cultivars .  The  use  of  percent 
bored  internodes  ranks  sugarcane  cultivars  on  observed  external  evidence  of  P. 
saccharalis  tunneling  into  the  stalk.  However,  the  degree  of  internal  damage  to 
the  plant  and  the  ultimate  survival  of  D^  saccharalis  larvae  are  not  addressed 
with  this  index.  Varietal  resistance  to  the  latter  stages  of  the  D.  saccharalis 
life  cycle  have  also  been  investigated.  Although  advancement  of  cultivars  that 
are  less  likely  to  be  damaged  by  D^  saccharalis  should  be  a  primary  goal  of  the 
breeding  program,  resistance  that  reduces  overall  pest  populations  should  also 
be  investigated. 

The  LCP87  series  (32  cultivars)  was  planted  in  a  four-replicated  lattice 
design  on  the  Lanaux  Plantation,  near  Edgard,  LA.  Four  commercial  varieties  were 
included  in  this  study,  CP70-321,  CP65-357,  CP76-331,  and  CP74-383,  which 
respectively  corresponded  to  SCB  resistant,  moderately  resistant,  and  two 
susceptible  varieties.  At  harvest,  one -15  stalk  sample  was  evaluated  from  each 
10  foot  plot  for  damage  (%  bored  internodes)  and  relative  survival  in  the  stalk 
(ratio  of  exit  holes  to  bored  internodes) . 

Sugarcane  borer  varietal  resistance  evaluations  revealed  that  three 
cultivars  exhibited  less  than  or  equal  damage  to  that  sustained  by  the  resistant 
cultivar  CP70-321  (Table  1).  Although  CP70-321  resists  penetration  of  EL 
saccharalis  into  the  stalk,  upon  entry  the  larvae  appear  to  survive  better  than 
in  most  of  the  other  cultivars  used  in  this  study.  Another  commercial  cultivar, 
CP74-383  (susceptible),  ranked  32  out  of  36  when  using  external  damage  as  the 
ranking  criteria.  However,  when  relative  survival  is  the  criteria  for  ranking 
this  cultivar  it  is  ranked  11  relative  to  the  other  cultivars . 

Thus,  resistance  rating  based  on  external  evidence  of  EK.  saccharalis  entry 
into  the  stalk  does  not  accurately  represent  the  degree  of  resistance  acting  upon 
larvae  in  the  stalk. 

Relative  to  this  insect  pest  in  sugarcane,  a  grower's  primary  objective 
is  to  minimize  economic  impact.  There  are  two  approaches  to  reduce  the  economic 
impact  of  pests.  The  first  is  to  minimize  damage  caused  by  the  pest  and  the 
second  approach  is  to  minimize  the  overall  cost  incurred  controlling  the  pest. 
Use  of  resistant  sugarcane  cultivars  reduces  pest  damage  at  little  or  no  cost 
to  the  grower.  Current  D^.  saccharalis  resistance  rating  schemes  are  focused  at 
the  prevention  of  damage,  whereas  in  our  research  an  additional  criteria  is 
utilized.  Incorporating  the  cultivars'  pest  survival  rating  allows  us  to  flag 
varieties  which  enhance  P_,_  saccharalis  populations  and  involves  little  additional 
data  collection;  and  enhances  the  efficiency  and  value  of  the  entomological 
component  in  the  sugarcane  varietal  breeding  and  development  program. 
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Table  1.  Diatra«a  saccharalis  damage  and  relative  survival  inside  the  stalk 
in  four  commercial  and  32  experimental  cultivars  (1987  LCP  series)  during  1989 
on  the  Lananx  Plantation,  near  Edgard,  LA 


%  bored 

Relative 

Moth 

Variety 

internodes 

survival 

production 

Rating 

CP70-321 

28.2 

9.5 

5800 

3 

CP65-357 

38.3 

13.1 

9700 

5 

CP74-383 

49.3 

18.5 

20700 

7 

CP76-331 

41.0 

7.9 

10400 

7 

87-1 

46.8 

12.6 

15000 

6 

87-2 

52.5 

8.4 

10800 

7 

87-3 

33.1 

10.9 

9500 

4 

87-4 

45.9 

18.5 

23500 

6 

87-5 

46.2 

10.2 

10200 

6 

87-10 

32.0 

12.3 

9600 

4 

87-12 

49.9 

11.3 

11300 

7 

87-13 

35.2 

17.5 

13600 

5 

87-14 

44.7 

8.2 

6900 

6 

87-17 

39.1 

10.0 

8800 

5 

87-18 

41.8 

14.0 

18900 

5 

87-19 

40.4 

9.4 

9900 

5 

87-20 

44.7 

18.0 

19400 

6 

87-23 

42.3 

7.4 

8000 

5 

87-24 

42.8 

10.5 

9100 

5 

87-25 

41.2 

11.1 

10000 

5 

87-472 

37.4 

6.8 

6600 

4 

87-473 

45.1 

9.2 

9600 

6 

87-474 

31.6 

9.1 

7700 

3 

87-477 

57.5 

18.1 

18800 

9 

87-478 

40.9 

15.0 

11400 

5 

87-479 

42.3 

17.7 

18300 

6 

87-483 

37.8 

16.1 

20600 

5 

87-486 

49.3 

9.8 

11500 

7 

87-490 

16.8 

7.7 

3000 

1 

87-491 

32.5 

15.3 

15100 

4 

87-492 

38.6 

8.1 

7000 

5 

87-494 

53.8 

14.1 

17800 

7 

87-495 

41.7 

12.7 

13000 

5 

87-496 

29.8 

11.3 

7800 

3 

87-497 

46.2 

8.4 

6200 

6 

87-499 

40.8 

10.1 

6200 

5 
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SUGARCANE  PATHOLOGY  RESEARCH 

K.  E.  Damann,  R.  A.  Navarre,  and  E.  C.  Chiarulli 
Department  of  Plant  Pathology  and  Crop  Physiology 

RSD  HARVESTER  SPREAD  TEST: 

The  frequency  of  spread  of  RSD  by  the  mechanical  harvester  in  40  feet  of 
plant  cane  row  was  given  in  last  years  report.  The  disease  incidence  found  in 
first  ratoon  (indicative  of  spread  at  the  plant  cane  harvest)  of  susceptible  L 
62-96  preceded  by  1,  2,  or  4  diseased  stools  was  30,  54,  and  75%  respectively. 
Disease  incidence  in  second  ratoon  in  1989  (indicative  of  spread  when  first 
ratoon  was  harvested)  was  84,  98,  and  99%.  Intermediate  CP  65-357  disease 
incidence  was  10,  11,  and  10%  after  one  harvest  and  25,  24,  and  44%  after  two 
harvests.  No  spread  was  detected  in  resistant  L  60-25  in  either  year. 
Clearly  the  susceptibility  of  a  cultivar  affects  the  rate  of  spread  by  the 
harvester.  The  more  resistant  cultivars  should  limit  the  harvester  spread  of 
RSD. 

SMUT  FUNGUS  RESEARCH: 

The  ability  of  Ustilago  scitaminea,  the  sugarcane  smut  fungus,  and  Ustilago 
mavdis,  the  corn  smut  fungus,  to  synthesize  the  plant  hormone  indole-3-acetic 
acid  (IAA)  was  confirmed  by  mass  spectrometry.  The  biosynthetic  pathway  of 
IAA  was  shown  to  proceed  from  tryptophan  to  indole-3-pyruvic  acid  (IPyA)  by 
action  of  a  transaminase  demonstrated  by  native  polyacrylamide  gel 
electrophoresis  and  requiring  alpha-ketoglutarate  and  pyridoxal-5-phosphate  as 
cof actors.  The  IPyA  was  converted  to  indole-3-acetaldehyde  then  IAA.  This  is 
similar  to  the  pathway  thought  to  predominate  in  higher  plants. 

The  smuts  were  shown  to  produce  cytokinin  hormones  by  bioassay.  In 
addition,  the  ipt  gene  from  Agrobacterium  involved  in  cytokinin  synthesis  was 
found  homologous  in  Southern  blots  to  DNA  from  the  smuts  indicating  potential 
for  synthesis  via  the  same  pathway. 

No  gibberellic  acid  hormone  activity  was  detected  in  dwarf  corn  bioassays 
of  culture  filtrates  of  the  smuts  nor  was  dwarf  corn  infected  by  corn  smut 
relieved  of  its  dwarf  phenotype. 

Electrophoretic  karyotypes  determined  by  transverse  alternating  field 
electrophoresis  indicated  at  least  16  chromosomes  from  U.  scitaminea  and  at 
least  18  from  U.  maydis.  The  chromosome  blotting  experiments  using  the  TAFE 
Gene  Line  protocols  were  not  sucessful. 


SUGARCANE  TISSUE  CULTURE  RESEARCH: 

Callus  cultures  of  several  sugarcane  cultivars  have  been  established  as 
well  as  cell  suspension  cultures  of  CP  65-357  and  CP  70-321.  Regenerative 
callus  of  both  of  these  cultivars  has  been  selected  and  new  cell  suspension 
cultures  initiated. 

Our  older  suspension  cultures  have  apparently  lost  regenerative  capacity  as 
indicated  by  their  failure  to  regenerate  plants  on  media  which  did  allow 
regeneration  from  our  more  recent  callus  cultures  of  the  same  cultivars.  We 
will  continue  attempts  to  regenerate  plants  from  protoplasts  made  from  the 
more  recent  regenerative  callus. 
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Sugarcane  Smut  and  Pythium  Root  Rot  Research 

J.  W.  Hoy,  L.  B.  Grelen,  and  Y.  S.  Lee 
Department  of  Plant  Pathology  and  Crop  Physiology 


Smut  Research: 


Experimental  sugarcane  varieties  were  dip- inoculated  with  smut  spores, 
planted  in  a  replicated  test,  and  evaluated  for  resistance  to  smut.  During  1989, 
22  (92%),  1  (4%),  and  1  (4%)  of  24  1982-1985  series;  19  (42%),  13  (29%),  and  13 
(29%)  of  45  1986  series;  13  (41%),  9  (28%),  and  10  (31%)  of  32  1987  series;  and 
38  (57%),  11  (16%),  and  18  (27%)  of  67  1988  series  clones  were  rated  as 
resistant,  moderately  susceptible,  or  highly  susceptible,  respectively. 
Repeatability  of  smut  reactions  was  estimated,  on  a  scale  of  0  to  1,  between 
plant  cane  and  first  stubble  in  two  experiments  for  resistant,  moderately 
susceptible,  or  highly  susceptible  experimental  varieties.  Repeatability 
estimates  were  moderate  for  resistant  and  highly  susceptible  clones  and  low  for 
moderately  susceptible  clones  in  both  analyses.  Repeatability  estimates  were 
0.62  +  0.06,  0.14  +  0.17,  and  0.43  +0.16,  respectively,  between  1986  and  1987 
and  0.28  +  0.08,  0.09  +  0.06,  and  0.30  +  0.11,  respectively,  between  1987  and 
1988. 

Resistance  ratings  assigned  to  experimental  varieties  in  different  smut 
inoculation  tests,  on  a  1  to  9  scale,  were  tested  for  correlation  between  crop 
cycle  years  and  experiments  with  a  Spearman's  Rank  Correlation  test.  Correlation 
coefficients  were  0.34,  0.41,  and  0.46  for  clones  compared  in  different  plant 
cane  tests;  0.56,  0.59,  0.33,  0.65,  0.49,  and  0.40  for  clones  compared  between 
plant  cane  and  first  stubble;  and  0.39  between  clones  in  different  first  stubble 
crops.  Ratings  were  significantly  correlated  between  all  crops  and  experiments; 
however,  the  degree  of  correlation  was  not  high  enough  to  rely  on  the  rating  from 
a  single  experiment. 

The  results  of  research  on  smut  reaction  repeatability  and  rating 
correlations  together  with  previous  reseach  on  the  nature  of  resistance  indicate 
that  the  best  testing  procedure  to  determine  smut  resistance  levels  in 
experimental  varieties  in  the  variety 'selection  program  is  multiple  inoculation 
tests  evaluated  in  plant  cane.  Due  to  the  low  smut  reaction  repeatability  of 
moderately  susceptible  clones,  extensive  testing  will  be  required  to  accurately 
evaluate  resistance  of  varieties  in  this  category. 

Additional  analyses  of  smut  spore  concentrations  in  the  air  indicated  that 
spore  numbers  increased  during  June  as  whips  were  produced  then  daily  spore 
concentrations  fluctuated  from  July  through  September.  Fluctuations  were 
correlated  with  increased  rainfall  during  those  months.  During  the  day,  spore 
concentrations  increased  and  were  usually  highest  from  5-7  pm.  Increasing  spore 
numbers  were  associated  with  increasing  temperature,  increasing  wind  speed,  and 
decreasing  relative  humidity. 

Pythium  Root  Rot  Research: 

Experiments  were  conducted  in  the  greenhouse  and  on  commercial  farms  to 
determine  the  effects  of  Pythium  root  rot  on  sugarcane  growth  in  field  soil  and 
whether  the  fungicide,  Ridomil,  will  provide  an  economic  control  measure.  Plants 
were  grown  in  the  greenhouse  in  field  soils  collected  from  five  locations  (four 
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commercial  farms  and  the  LAES  St.  Gabriel  Experiment  Station)  where  Ridomil  field 
tests  were  conducted.  Plants  were  grown  in  sterilized,  Ridomil -treated,  or 
nontreated  field  soil  and  compared  after  2  months.  Pythium  arrhenomanes ,  the 
root  rot  causal  agent,  was  isolated  from  roots  of  plants  grown  in  all  five 
nontreated  soils.  Growth  increases  were  observed  in  Ridomil-treated  plants  grown 
in  four  of  five  soils  (significant  increases  were  detected  in  three  of  four 
soils).  The  growth  of  Ridomil-treated  plants  was  usually  intermediate  between 
growth  of  plants  in  sterile  and  nontreated  soil.  The  lowest  levels  of  total 
Pythium  and  P.  arrhenomanes  were  present  in  plants  grown  in  one  soil  that  also 
showed  no  significant  response  to  Ridomil  treatment  or  soil  sterilization.  In 
the  field  that  was  the  source  of  this  soil,  there  was  also  no  response  to  Ridomil 
treatment . 

In  1989  field  experiments,  Ridomil  was  applied  for  the  first  time  with 
fertilizer  using  farm  equipment.  This  new  application  method  appeared  to  reduce 
the  inconsistency  of  Ridomil  responses  encountered  in  1987  and  1988  field  tests. 
Yields  were  higher  in  Ridomil-treated  plots  in  all  five  field  tests.  Significant 
increases  were  obtained  in  two  tests.  Results  from  the  four  commercial  farm 
tests  are  summarized  in  Table  1.  Cost-benefit  analyses  indicated  a  positive 
economic  return  in  four  of  five  tests.  In  three  experiments,  yields  of  untreated 
plots  were  noticeably  lower  in  portion  of  the  fields.  Variability  between  plots 
was  lower  in  Ridomil  treatments  in  all  five  tests. 

Root  rot  severity  may  be  affected  by  inoculum  concentration  and  aggregation 
and  by  variability  in  soil  moisture  affected  by  drainage.  Therefore,  the  amount 
of  damage  and  potential  benefit  from  root  rot  control  will  vary  between  and  even 
within  fields.  This  makes  field  testing  more  difficult.  Future  tests  will  be 
conducted  with  the  same  experimental  design  to  detect  stand  and  yield  variability 
within  fields.  A  variable  response  within  a  field  may  mean  that  the  economic 
return  from  treatment  will  be  small  during  the  treatment  year.  However,  if 
stands  can  be  optimized,  then  the  chances  of  keeping  a  field  for  an  extra  stubble 
crop  will  be  increased. 

Basic  research  on  Pythium  species  variability  and  species  relationships  was 
conducted  to  improve  understanding  of  species  interactions  in  soil  and  to  attempt 
to  develop  a  much  needed  assay  for  P.  arrhenomanes .  Morphologically  distinct  but 
not  similar  Pythium  species  could  be  differentiated  by  total  protein 
electrophoresis  and  isozyme  comparisons.  A  high  level  of  intraspecific  variation 
was  detected  with  each  technique  for  several  species,  including  P.  arrhenomanes . 
Preliminary  results  of  various  comparisons  of  ribosomal  DNA  sequences  were 
similar  to  results  of  protein  comparisons.  Research  has  been  initiated  to 
prepare  antisera  to  the  species  frequently  isolated  from  sugarcane  roots. 
Serological  studies  may  lead  to  the  development  of  a  P.  arrhenomanes  specific 
assay. 
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Table  1 .  Yields  from  commercial 

farm  tests  in  which  Ridomil 

was  applied  with 

fertilizer  in  first  or 

second  i 

stubble. 

Yie 

Id  components 

in  Ridomil-treated  (+)  or  nontreated 

(-) 

plots 

Stalks 

/plot 

Stalk  wt.(lbs) 

Tons/ 

acre 

Lbs  sugar/acre 

Lbs 

sugar/ton 

Variety 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

CP  65-357 

Mean 

1267 

1266 

2.06 

2.07 

28.7 

28.8 

7013 

6928 

245 

241 

Std.dev. 

A3 

100 

0.12 

0.10 

1.6 

3.0 

299 

730 

12 

Difference 

+1 

-0.01 

-0.1 

+85 

+4 

CP  65-357 

Mean 

2684 

2686 

2.01 

1.87 

32.7 

30.5 

7802 

7094 

239 

232 

Std.dev. 

106 

236 

0.13 

0.13 

1.4 

4.4 

582 

1156 

14 

17 

Difference 

-2 

+0.14 

+2.2 

+708 

+7 

CP  74-383 

Mean 

1388 

1412 

1.73 

1.67 

24.7 

24.4 

5351 

5211 

217 

214 

Std.dev. 

68 

76 

0.07 

0.09 

1.2 

2.1 

292 

483 

5 

9 

Difference 

-24 

+0.06 

+0.3 

+140 

+3 

CP  74-383 

Mean 

1124 

1126 

1.93 

1.89 

17.5 

17.2 

3791 

3668 

216 

214 

Std.dev. 

46 

91 

0.08 

0.11 

0.9 

2.0 

269 

416 

12 

11 

Difference 

-2 

+0.04 

+0.3 

+123 

+1 
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GENOTYPE  BY  ENVIRONMENT  INTERACTION  IN  SUGARCANE  CROSS  APPRAISAL 

S.  B.  Milligan 

Agronomy  Department 

Louisiana  Agricultural  Experiment  Station 

Louisiana  State  University  Agricultural  Center 

Baton  Rouge,  Louisiana 

B.  L.  Legendre 

Sugar  Cane  Research  Unit 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 

Houma,  Louisiana 

The  effectiveness  of  a  selection  program  is  limited  by  the 
quality  of  the  initial  unselected  genotypes.  An  appraisal  of  the 
potential  of  a  cross  to  produce  elite  progeny  is  needed  to 
concentrate  resources  on  the  best  crosses  (Tai  and  Miller,  1989) . 
Current  sugarcane  cross  appraisal  methods  in  Louisiana  and 
elsewhere  (Empig  et  at.,  1976;  Hogarth  and  Bull,  1990;  Skinner, 
1971;  Walker,  1963)  commonly  rely  on  the  percent  of  the  original 
progeny  seedlings  of  a  cross  that  are  advanced  to  later  stages  of 
selection.  This  empirical  method  requires  several  years  to 
estimate  because  selection  rates  in  early  stages  are  not  reliable 
estimates  of  cross  potential.  An  alternative  method  described  by 
Arceneaux  et  al.  (1986)  used  replicated  tests  of  cross  progeny 
after  they  have  undergone  several  years  of  screening.  The  long 
delay  between  planting  a  cross  and  an  evaluation  wastes  resources 
of  a  breeding  program  by  its  long  retention  and  repeated  plantings 
of  inferior  crosses  in  the  selection  program.  A  faster  and  more 
reliable  method  to  appraise  sugarcane  families  is  needed. 

Genotype  by  environment  interaction  (GE)  in  sugarcane  clones 
is  well  known  and  has  been  reported  by  several  investigators 
(Arceneaux  and  Hebert,  1943;  Mariotti,  1974;  Tai  et  al.,  1982,  Kang 
and  Miller,  1984,  Milligan,  1988  and  Milligan  et  al.,  1990).  The 
degree  of  GE  varies  with  the  trait  as  well  as  region.  Hogarth  and 
Bull  (1990)  and  Pollock  (1980)  have  reported  GE  in  the  evaluation 
of  sugarcane  families.  The  Australian  sugarcane  growing  region  is 
large  and  environmentally  diverse,  much  more  so  then  the  Louisianan 
region.  Australian  breeding  populations  are  also  more  nobelized 
than  Louisiana  populations.  Coleman  et  al.  (1962)  suggested  cross 
by  environment  interaction  existed  in  sugarcane  populations  bred 
for  syrup  production  in  Mississippi.  Another  study  by  George 
(1962a)  demonstrated  cross  by  location  interaction  for  several 
traits  in  sugarcane  populations  grown  in  Mauritius.  Questions 
remain  if  the  results  of  there  studies  are  applicable  to  Louisiana 
sugarcane  populations  and  environmental  conditions. 

A  study  was  conducted  to  evaluate  the  need  to  replicate 
families  across  locations.  An  additional  purpose  of  the  study  was 
to  identify  the  most  efficient  data  to  collect  in  terms  of  what 
traits  to  measure  and  the  format  of  data  collection. 
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Materials  and  Methods 

Ten  crosses  were  made  among  15  parents  at  Houma,  LA.  Fifty 
first-ratoon  stools  from  each  cross  were  evaluated  at  two 
locations:  the  Ardoyne  Farm  (referred  to  as  the  Houma  location) 
near  Chacahoula,  LA  (Commerce  silt  loam)  and  the  St.  Gabriel 
Research  Station,  St.  Gabriel,  LA  (Commerce  silt  loam) .  Data  were 
collected  on  stalk  number  per  stool,  stalk  diameter,  stalk  length, 
hand  Brix  (percent  soluble  solids  w/w  by  hand  refractometer)  and  a 
rating  for  pith  and  tube.  Stalk  weight  was  estimated  by  the  length 
and  diameter  by  assuming  the  stalk  was  a  perfect  cylinder  with 
constant  density.  Estimated  stool  weight  was  calculated  from  the 
estimated  stalk  weight  and  stalk  number.  Mean  stalk  weight  and 
sucrose  content  were  also  determined  from  two  25-stalk  samples,  one 
stalk  per  stool,  from  each  cross.  Cane  sucrose  content 
(theoretical  recoverable  sugar)  was  calculated  with  pol  and  Brix 
according  to  methods  described  by  Legendre  and  Henderson  (1972) . 

Means,  standard  deviations  and  the  probability  of  exceeding  a 
target  value  (PROB)  were  calculated.  The  PROB  was  similar  to  the 
method  employed  by  George  (1962b)  and  assumed  a  normal 
distribution.  It  was  estimated  by  calculating  a  Z  statistic  and 
finding  the  associated  probability  where  Z=  (mean-target) /SD  (Steele 
and  Torrie  (1980) .  Mean  was  the  cross  mean,  target  was  an 
acceptable  threshold  (in  this  study  it  was  the  location  mean  plus 
one  standard  deviation)  and  SD  was  the  cross  standard  deviation. 

Results  and  Discussion 

Results  indicated  a  strong  cross  by  location  interaction  for 
stalk  number,  less  interaction  for  the  estimated  stalk  weight 
(based  on  length  and  diameter)  and  stool  weight,  and  little 
interaction  for  stalk  length,  stalk  diameter  and  Brix  (Tables  1  and 
2)  .  Pith  and  tube  ratings  suggested  cross  by  location  interaction 
was  not  very  important  (Table  2)  .  Inspection  of  the  mean  values  of 
stalk  weight,  sucrose  content  and  Brix  suggested  some  interaction 
between  crosses  and  location  was  occurring  (Table  3) .  Since  the 
genotypes  were  not  replicated  at  the  locations,  interaction  can 
only  be  appraised  by  observation  of  rank  switching  between 
locations. 

Reciprocal  crosses  among  CP79-318  and  US86-004  suggested  stalk 
diameter,  pithiness  and  tube  may  be  maternally  influenced  (Tables 
1  and  2)  .  If  this  is  true,  larger  stalk  diameter,  pithiness  and 
smaller  tube  may  be  positively  affected  by  maternal  inheritance. 

Correlations  between  locations  were  best  for  pith  (rpROg  = 
0.90),  tube  (rpR0B  =  0.89),  hand  Brix  (rpR0B  =  0.70)  (Table  4).  Other 
characters  were  not  significantly  correlated  between  locations. 
Cross  by  environmental  effects  could  be  reducing  the  correlations 
among  traits  or  it  could  be  due  the  small  sample  size  (10) . 

Correlations  among  traits  were  calculated  for  each  location  on 
both  a  single  stool  basis  and  on  a  cross  mean  basis  (Table  5)  .  The 
correlations  were  generally  very  low  for  data  derived  from  single 
stool  observations.  The  major  exceptions  to  this  were  the 
correlations  among  estimated  stalk  weight,  stalk  diameter,  stalk 
length  and  stool  weight.   But  this  might  be  expected  since  the 
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estimated  stalk  weight  was  calculated  from  the  stalk  diameter  and 
stalk  length.  Correlations  of  most  traits  with  the  mean  stalk 
weight,  estimated  stalk  weight  and  stalk  diameter  were  relatively 
strong  as  were  correlations  between  hand  Brix  and  the  lab  estimate 
of  Brix.  The  mean  estimates  in  general  appeared  somewhat  stronger 
with  stool  measurements  than  among  stool  derived  measurements. 

Correlations  between  the  PROB  and  the  observed  number  of 
progeny  exceeding  the  target  value  were  generally  very  high  (r  > 
.90).  Thus  the  assumption  of  normality  appeared  valid  (Table  6). 
In  contrast  to  the  findings  of  George  (1959)  ,  the  cross 
standard  deviation  was  found  not  to  be  strongly  correlated  to  the 
cross  mean  (Table  7) .  Except  for  stalk  number  at  Houma, 
correlations  between  the  cross  mean  and  the  PROB  were  larger  than 
0.84.  This  suggests  that  the  additional  effort  to  collect  data  to 
estimate  the  standard  deviation  and  thus  be  able  to  calculate  the 
PROB  is  not  necessary.  Assuming  the  PROB  was  the  best  estimate  of 
cross  worth,  correlations  within  locations  among  means,  standard 
deviations,  and  the  PROB  suggested  the  mean  value  was  an  adequate 
predictor  of  cross  worth. 

The  collection  of  mean  data  would  simplify  data  collection 
procedures.  A  tenable  application  of  these  results  might  be  to 
determine  mean  stalk  count  from  some  50  stools  per  cross  before 
selection.  This  should  ideally  be  performed  over  several  locations 
but  a  workable  solution  may  be  to  collect  it  yearly  at  one  location 
from  all  crosses  in  the  single  stool  stage.  A  running  mean  would 
be  maintained  and  used  for  appraisal.  Crosses  are  commonly 
replanted  because  they  have  produced  elite  material  in  the  past, 
regardless  of  their  percent  advancement.  A  question  that  arises 
with  these  crosses  is  whether  a  particular  cross  is  truly  elite  or 
does  it  give  elite  material  because  there  is  a  tendency  to  plant 
large  numbers  of  its  progeny  and  thus  increasing  the  odds  of 
findings  elite  progeny.  Cross  appraisal  based  on  a  running  mean 
data  base  would  tend  to  keep  two  types  of  crosses,  those  crosses 
that  perform  well  year  after  year  and  those  newer  crosses  that  have 
the  potential  to  perform  well  but  by  chance  were  favored  by  recent 
yearly  environment  conditions.  Good  performing,  stable  crosses  are 
clearly  desirable.  If  the  assumption  is  made  that  the  newest 
crosses  generally  come  from  the  newest,  most  elite  genotypes,  those 
crosses  that  perform  well  even  if  unstable  have  good  potential  to 
produce  elite  genotypes  transgressing  the  parents  in  performance. 
New  crosses  unstable  over  years  would  soon,  however,  be  dropped  and 
thus  would  not  unduly  dilute  the  population  with  genes  unfavorable 
to  general  adaptation.  The  running  mean  would  provide  a  data 
instrument  to  base  dropping  crosses  that  were  promising  in  past 
years  but  relative  to  the,  hopefully,  increasing  population  mean 
over  time,  were  beginning  to  fail.  Drops  of  once  promising  crosses 
would  be  based  on  well  replicated  data  and  not  likely  be 
superfluous . 

In  Louisiana  single  stool  selection  occurs  a  month  before  the 
normal  onset  of  harvest.  Stalk  samples  for  weight  and  sucrose 
content  determination  could  be  collected  from  about  50  randomly 
selected  stools  after  selection.  The  sooner  sampling  is  performed 
after  selection  the  better  the  discernment  among  crosses  for  early 
maturity.  Such  data  could  then  be  used  to  plan  future  crosses  and 


71 


for  parental  evaluation.  The  results  could  also  be  used  to 
restrict  selection  to  the  most  promising  crosses  in  the  following 
season. 

The  reliability  of  using  average  stool  weight  or  total  weight 
for  a  number  of  stools  to  predict  the  cane  yield  potential  of  cross 
remains  in  question.  Studies  need  to  be  performed  concerning  this 
question. 
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Table  3.  Cross  progeny  mean  stalk  weight,  mean  sucrose  content  and 
mean  Brix. 


Cross 

Mean 

Mean  sucrose 

Mean 

Brix 

stalk  wt. 

content 

H 

SG 

H 

SG 

H 

SG 

kg 

kg/Mg 

cane 

% 

3014 

0.66 

0.68 

97 

88 

16.3 

15.3 

3034 

0.72 

0.86 

98 

102 

17.0 

14.6 

3036 

0.61 

0.82 

107 

99 

17.7 

17.0 

3037 

0.71 

0.80 

97 

98 

16.8 

15.1 

3043 

0.78 

0.79 

101 

87 

17.0 

14.1 

3046 

0.63 

0.78 

103 

87 

17.0 

15.7 

3149 

0.56 

0.75 

102 

84 

17.8 

14.0 

3185 

0.66 

0.74 

92 

85 

15.9 

16.5 

3188 

0.63 

0.63 

106 

87 

17.8 

14.2 

3190 

0.55 

0.66 

106 

85 

17.9 

16.3 

mean 

0.65 

0.75 

101 

90 

17.1 

15.6 

±0.07 

±0.07 

±5 

±7 

±0.6 

±1.0 

1  H  =  Houma,  SG  =  St.  Gabriel. 
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EVALUATION  OF  METHODS  TO  CONTROL  ENVIRONMENTAL 
VARIATION  IN  UNREPLICATED  SUGARCANE  TEST  PLOTS 


Scott  B.  Milligan 


Summary 

The  first  clonal  stage  of  the  Louisiana  Sugarcane  Variety 
Development  Program  (LSVDP)  typically  evaluates  3000  to  5000 
experimental  genotypes  in  an  unreplicated  clonal  test.  Appraisal 
and  selection  from  this  many  genotypes  is  necessarily  reduced  to  a 
subjective  rating  for  cane  yield,  screening  for  lack  of  smut,  pith, 
tube,  lodging,  and  a  minimal  hand  Brix.  A  study  was  initiated  in 
1987  to  test  the  effectiveness  of  an  alternate  rating  method,  the 
effectiveness  of  two  types  of  statistical  adjustment  (one 
adjustment  method  of  the  augmented  design  and  the  other  was  best 
linear  unbiased  predictors),  and  to  evaluate  the  relative 
effectiveness  of  different  types  of  appraisal  data  in  predicting 
the  best  genotypes. 

The  study  found  the  standard  rating  method  employed  in  the 
program  was  generally  superior  to  the  alternate  method  tested.  It 
also  found  that  neither  statistical  adjustment  method  more 
accurately  predicted  the  genotypes'  true  worth  than  the  unadjusted 
unreplicated  values.  It  indicated  stalk  number  was  the  best  single 
objective  predictor  of  future  cane  yield  performance  and  that  the 
addition  of  stalk  weight  to  stalk  number  marginally  improved  the 
prediction  (rpoP/TCH  =  0.28,  r1TCH,  t&h  =  0.40,  respectively).  The  small 
improvement  of  cane  yield  prediction  adding  stalk  weight  to  stalk 
number  versus  use  of  the  standard  rating  (rSRATE#  ^  =  -0.31)  was  not 
considered  large  enough  to  compensate  for  the  large  increase  in 
resource  demands  to  collect  such  data. 

Objectives 

1.  Compare  the  effectiveness  of  two  methods  of  subjective 
rating  for  cane  yield. 

2.  Evaluate  the  effectiveness  of  two  statistical  methods  of 
adjustment  of  unreplicated  genotypic  test  values  to  better 
predict  their  future  performance. 

3.  Evaluate  the  effectiveness  and  efficiency  of  differenent 
type  of  data  in  predicting  cane  yield. 

Materials  and  Methods 

The  basic  approach  was  to  collect  data  from  the  initial 
unreplicated  test  plots.  The  genotypes  were  replicated.  Rating 
methods  and  the  initial  statistically  adjusted  and  unadjusted  data 
were  compared  to  the  replicated  mean  to  evaluate  the  accuracy  of 
adjustment  and  prediction. 
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The  study  evaluated  120  sugarcane  genotypes  (Saccharum  sp. 
hyb. )  from  five  full-sib  families  from  crosses  among  eight  parents. 
The  genotypes  were  arranged  in  five  mainplots  (five  plots  wide  by 
five  plots  long)  of  25  subplots.  At  the  center  of  each  mainplot 
was  the  control  genotype,  CP70-321.  Plots  were  1.83m  single  row 
plots  on  rows  with  1.83m  centers.  All  genotypes  were  replanted  in 
a  three  replication  test  using  a  randomized  complete  block  design. 
All  testing  was  performed  at  the  St.  Gabriel  Research  Station. 

The  standard  rating  method  (SRATE)  assigned  to  the 
experimental  genotype,  without  reference  to  the  control  or  location 
in  the  field,  a  value  from  1  to  9  for  cane  yield  (rating  1  =  best, 
rating  9  =  worst).  An  alternative  rating  method  assigned  a  rating 
for  cane  yield  within  a  mainplot  relative  to  the  control,  where  the 
control  rating  =  5  (CRATE). 

From  the  initial  plant  cane  plots,  stalk  number,  the  mean 
midstalk  diameter  of  five  stalks,  stalk  length,  hand  Brix  and  the 
two  ratings  were  obtained.  From  the  replicated  plant  cane  and 
first  ratoon  plots,  stalk  number,  the  mean  midstalk  diameter  of 
five  stalks,  stalk  length,  stalk  weight,  Brix  and  sucrose  content 
were  obtained. 

Two  statistical  adjustment  methods  were  applied  to  the  initial 
data.  The  first  method  (fertility  index,  FI)  adjusted  the 
experimental  clone  values  by  the  deviation  of  that  clone's  mainplot 
control  value  from  the  mean  control  value.  The  adjusted  values  of 
the  experimental  clones  equaled: 

Y'±j  =  Y„  -  (X*  -  X./r) 

where : 

Y'i:)  is  the  adjusted  value  of  clone  j  in  mainplot  i. 

Y1:)  is  the  unadjusted  value  of  clone  j  in  mainplot  i. 

X±  is  the  observation  of  the  control  plot  in  mainplot  i. 

X.  is  the  sum  of  control  plots. 

r  is  the  number  of  mainplots. 

The  second  method  estimated  best  linear  unbiased  predictors 
(BLUP)  of  the  experimental  genotypes.  This  method  used  genetic 
information  from  relatives  and  in  this  case  used  the  additive 
genetic  relationships  between  the  genotypes  (Table  1).  This 
genetic  information  was  weighted  by  the  traits  heritability  (Table 
2).   The  adjustment  used  the  mixed  linear  model: 

Y  =  XB  +  Z|A  +  e 

where : 

Y  is  the  n  x  1  observation  matrix 

X  is  the  n  x  p  fixed  effect  design  matrix 

B  is  the  p  x  1  fixed  parameter  matrix 

Z  is  the  n  x  q  random  effect  design  matrix 

li  is  the  q  x  1  random  parameter  vector  with  E(p-)  =  0 
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e  is  the  n  x  1  residual  vector  with  E(e)  =  0. 

Let  aa2  =  additive  genetic  variance 

NMR  =  the  additive  genetic  numerator  relationship  matrix 
(Table  1). 

a^2  =  G  =  NMR  aa2 

R  =  Iae2 

cov(e,|i)  =  0. 

Henderson  (1975)  showed : 


X'R_1X  !  !  X'R_1Z 


I  I 

I  I 
I  I 


Z'R^X  i  I     Z'R^Z  +  G_1 


"6' 

x'R^y" 

_H_ 

Z'R^Y 

Solve  for  the  vector  [B  p-]'  which  contains  the  BLUPs  of  the 
unreplicated  genotypes. 

Results  and  Discussion 

Initial  unreplicated  data  was  the  best  predictor  of  future 
performance  (Table  3).  The  FI  generally  produced  adjusted  initial 
data  that  was  more  poorly  correlated  with  the  replicated  data  than 
the  unadjusted  data.  BLUPs  were  not  correlated  or  very  poorly 
correlated  with  the  replicated  values. 

The  results  of  the  FI  adjustment  were  in  accordance  with  a 
simulation  study  (Lin  et  al.  1983)  and  other  reports  (Schaalje  et 
al.,  1987;  May  et  al.,  1989).  The  adjustment  method  apparently 
tends  to  overadjust  and  is  less  buffered  from  individual  control 
extremes  than  the  row-column  method  of  adjustment  (Lin  and 
Poushinsky ,  1983). 

The  low  heritability  values  caused  the  BLUP  method  of 
adjustment  to  consider  most  of  the  observational  differences  among 
experimental  genotypes  as  nongenetically  influenced.  The 
additional  genetic  information  from  relatives  was  overwhelmed  by 
this  nongenetic  source. 

BLUP  was  developed  to  predict  progeny  performance.  In  this 
study,  it  was  used  and  failed  to  predict  future  clonal  performance. 
Since  sugarcane  is  a  clonal  crop,  the  genetic  variance  between 
clonal  generations  is  broad-sense.  Clonal  populations  at  this 
stage  of  selection  contain  large  blocks  of  full-sib  families. 
These  families  possess  considerable  amounts  of  nonadditive  genetic 
variance  in  common.  Incorporation  of  this  nonadditive  genetic 
variance  and  genetic  covariance  from  other  traits  in  the  prediction 
may  improve  the  accuracy  of  BLUPs.   Until  accurate  estimates  of 
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nonadditive  genetic  variance  are  available,  such  adjustment  is  not 
possible. 

The  standard  rating  method  (SRATE)  bettered  or  equalled  the 
control  comparison  rating  method  (CRATE)  in  correlation  with  the 
replicated  means  (Table  4).  Correlations  were,  however,  weak.  The 
CRATE  method  was  slower  to  assign  due  to  the  required  constant 
comparison  against  the  control  variety.  Perhaps,  the  researcher's 
familiarity  of  assigning  the  SRATE  versus  the  alternate  CRATE 
affected  the  accuracy  of  the  CRATE  method. 

Correlations  between  the  initial  stalk  number  and  replicated 
cane  yield  were  somewhat  smaller  than  correlations  between 
unreplicated  and  replicated  cane  yields  (Table  4).  This  suggested 
inclusion  of  stalk  weight  after  considering  stalk  number  in  the 
selection  process  would  slightly  improve  the  prediction  for  cane 
yield. 

Correlations  of  the  replicated  cane  yield  with  the  initial 
stalk  number  and  SRATE  were  about  the  same  (rpop,  j^  =  0.28,  rSRATE,  r^ 
=  -0.31).  Since  3000  to  5000  genotypes  are  screened  at  this  stage, 
the  resource  demands  to  collect  stalk  number  data  suggests  the 
rating  method  was  the  more  efficient  method  to  predict  future  cane 
yield  at  this  stage. 


Table  1.   Abbreviated  additive  genetic  relationship  matrix  among  and  within 
the  five  full-sib  families, 


Geno- 

la 

lb 

2a 

2b 

3a 

3b 

4a 

4b 

5a 

5b 

type1 

la 

1.24 

0.62 

0.58 

0.58 

0 

0 

0.58 

0.58 

0 

0 

lb 

0.62 

1.24 

0.58 

0.58 

0 

0 

0.58 

0.58 

0 

0 

2a 

0.58 

0.58 

1.06 

0.53 

0 

0 

0.58 

0.58 

0 

0 

2b 

0.58 

0.58 

0.53 

1.06 

0 

0 

0.58 

0.58 

0 

0 

3a 

0 

0 

0 

0 

1.16 

0.58 

0 

0 

0 

0 

3b 

0 

0 

0 

0 

0.58 

1.16 

0 

0 

0 

0 

4a 

0.58 

0.58 

0.58 

0.58 

0 

0 

1.07 

0.53 

0 

0 

4b 

0.58 

0.58 

0.58 

0.58 

0 

0 

0.53 

1.07 

0 

0 

5a 

0 

0 

0 

0 

0 

0 

0 

0 

1.24 

0.62 

5b 

0 

0 

0 

0 

0 

0 

0 

0 

0.62 

1.24 

1  Genotype  number  refers  to  a  full-sib  family. 
Genotype  letter  refers  to  an  individual  within  a  family. 
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Table  2.  Narrow-sense  heritabilities  on  a  single  plant  basis  for 
plant  cane  sugarcane  crop  used  in  the  BLUP  adjustment  analysis. 


Heritab- 
ility1 

Cane 
yield 

Stalk 
number 

Stalk 
weight 

Stalk 
diam. 

Stalk 
length 

Brix 

h2 

0.163 

0.070 

0.181 

0.070 

0.050 

0.221 

1  From  Milligan,  1988. 


Table  3.  Correlation  between  replicated  data  and  the  initial 
adjusted  and  unadjusted  data.  


Adjustment 

Cane 

Stalk 

Stalk 

Stalk 

Stalk 

Brix 

method 

yield 

number 

weight 

diam. 

length 

Unadjusted 

0.40" 

0.39" 

0.52" 

0.64" 

0.60" 

0.34" 

FI 

0.30" 

0.30" 

0.48" 

0.55" 

0.56" 

0.27" 

adjusted 

BLUP 

0.004 

-0.02 

0.13 

0.06 

0.19* 

0.07 

*  p  <  0.05;  **  p  <  0.01. 


Table  4.  Correlations  of  initial  unadjusted  data  and  rating  methods 
with  the  replicated  yield  component  means. 


Trait 

Cane 
yield 
(TCH) 

Stalk 
number 
(POP) 

Stalk 

weight 

(STKWT) 

Stalk 
diam. 
(DIAM) 

Stalk 

length 

(HT) 

Brix 

TCH 

0.40" 

0.36** 

0.25" 

-0.03 

0.42" 

0.02 

POP 

0.28" 

0.39" 

-0.11 

-0.28" 

0.21* 

0.002 

STKWT 

0.21* 

0.06 

0.52" 

0.36** 

0.29** 

-0.01 

DIAM 

0.03 

-0.17 

0.52" 

0.64" 

0.06 

0.05 

HT 

0.38" 

0.30" 

0.39" 

-0.03 

0.60" 

0.11 

Brix 

-0.05 

0.07 

-0.10 

-0.06 

0.03 

0.34" 

Standard 

method 

(SRATE) 

-0.31" 

-0.26" 

-0.26" 

-0.02 

-0.41" 

-0.01 

Control 

-0.27" 

-0.26" 

-0.04 

-0.19* 

-0.27" 

-0.01 

comparison 
(CRATE) 

*  p  <  0.05; 

**  p  < 

0.01. 
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USE  OF  THE  AUGMENTED  DESIGN  IN  THE 
UNREPLICATED  STAGES  OF  SUGARCANE  SELECTION 

Louis  M.  McDonald  and  Scott  B.  Milligan 

Early  stages  of  clonal  selection  in  the  Louisiana  Variety 
Development  Program  (LSVDP)  test  large  numbers  of  genotypes  for 
commercial  variety  potential.   Resource  demands  limit  evaluation 
to  unreplicated  tests.   Such  testing  confounds  the  environmental 
effects  with  genotypic  effects.   Appraising  such  a  large  number 
of  genotypes  limit  the  amount  of  objective  data  that  can  be 
collected. 

A  study  was  initiated  to  test  the  effectiveness  of  a 
statistical  design  for  unreplicated  test  plots,  the  augmented 
design.   An  additional  goal  of  the  study  was  to  measure  the 
effectiveness  of  different  types  of  data  in  predicting  the  best 
genotypes  in  the  increase  stage  of  selection  of  the  LSVDP. 

Use  of  the  augmented  design  improved  the  correlation  of 
sucrose  and  cane  yield  between  the  two  unreplicated  test  stages 
used  to  select  the  best  clones  for  the  increase  stage.   This 
suggested  the  design  was  controlling  some  of  the  extraneous 
environmental  effects.   The  effectiveness  of  this  method  and  the 
predictive  ability  of  different  types  of  data  will  be  measured  by 
comparison  to  a  replicated  mean  of  the  tested  genotypes  in  1990. 

Objectives 

The  objectives  of  this  study  are  to  evaluate  the 
effectiveness  of  the  modified  augmented  design  and  to  estimate 
the  relative  effectiveness  of  types  of  predictive  data  used  in 
advancement  decisions. 

Materials  and  Methods 

The  study  focused  on  the  selection  decisions  to  advance  from 
the  second  clonal  trials  to  the  increase  stage.   These 
advancement  decisions  use  first-ratoon  first-clonal  trial  data 
and  plant-cane  second-clonal  trial  data. 

The  basic  approach  will  be  to  evaluate  all  practically 
collected  data  from  the  first  and  second  clonal  trials.   From  the 
clones  normally  advanced  to  the  increase  stage  (typically  300 
clones) ,  150  clones  will  be  randomly  selected  and  replicated  at 
two  locations  to  provide  a  "true  genotypic  value"  to  compare  the 
effectiveness  of  various  selection  methodologies. 

In  fall  1989,  data  was  collected  from  612  experimental 
clones  in  the  first-ratoon  first-clonal  trials  and  from  the 
plant-cane  second-clonal  trials.   Data  was  also  collected  from 
the  144  check  plots  in  the  first  clonal  trials  and  the  24  check 
plots  in  the  second  clonal  trials.   The  data  collected  were: 
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stalk  number,  stalk  diameter  of  three  stalks,  stalk  length  and 
smut  incidence.   Unlodged  second-clonal  genotypes  with  sufficient 
stalk  number  and  estimated  stalk  weight  (from  the  length  and 
diameter) ,  without  smut  or  pith  were  hand  Brixed.   Clones  with 
sufficient  Brix  and  with  sufficient  stalk  number  in  the  first 
clonal  trials  were  advanced  to  the  increase  stage.   Check  plots 
and  plots  of  those  clones  advanced  were  sampled  from  both  trials 
for  stalk  weight  and  sucrose  analysis.   One-hundred  fifty 
randomly  selected  clones  from  those  advanced  to  the  increase 
plots  were  replicated  in  two  blocks  at  the  St.  Gabriel  Research 
Station  and  in  the  same  manner  at  the  Iberia  Research  Station. 

First  and  second  clonal  trials  were  planted  in  1987  and 
1988,  respectively,  in  mainplots  with  25  subplots  (five  plots 
wide  by  five  plots  long) .   The  center  subplot  was  the  check 
variety,  CP70-321. 

Experimental  test  plots  were  adjusted  by  three  methods.   The 
three  methods  were  those  described  by  Lin  and  Poushinsky  (1983) . 
Method  1  is  the  row-column  method.   Using  check  plots  data  only, 
unreplicated  observations  were  adjusted  by  the  deviation  of  the 
row  from  the  row  mean  and  the  deviation  of  the  column  from  the 
column  mean.   Method  2,  also  known  as  the  fertility  index, 
adjusted  the  test  plots  by  the  deviation  of  its  mainplot's 
control  plot  from  the  overall  control  plot  mean.   The  third 
method  was  a  modification  of  method  2.   The  adjustment  was 
multiplied  by  the  regression  of  the  test  plot  means  in  each 
mainplot  on  the  control  plot  value. 

Results  and  Discussion 

Use  of  the  row-column  adjustment  method  improved  the 
correlation  of  sucrose  yield  and  cane  yield  between  the  first 
clonal  and  second  clonal  stages  (Table  1) .   Correlations  of  other 
traits  were  not  significantly  changed  by  methods  1  and  3.   The 
fertility  index  method  either  did  not  change  the  correlation  or 
weakened  the  relationship.   The  improved  correlations  of  sucrose 
and  cane  yield  suggested  that  adjustment  with  the  augmented 
design  removed  some  of  the  environmental  error  in  the 
unreplicated  tests.   Comparison  to  the  replicated  mean  of  the 
planted  test  will  measure  its  effectiveness  at  improving  the 
prediction  of  the  best  genotypes  from  those  advanced  to  the 
increase  stage. 

Correlations  in  general  were  rather  weak  between  the  two 
unreplicated  selection  stages  but  this  was  misleading  about  the 
effectiveness  of  selection  from  the  first  clonal  trials.   The  612 
second  clonal  genotypes  advanced  from  the  first  clonal  trials 
were  selected  from  3582  among  experimental  genotypes.   Selections 
were  based  upon  subjective  ratings  and  hand  Brix  values.   It  is 
clear  to  the  investigators  population  improvement  occurs  from 
first  to  second  clonal  trials  but  quantification  of  this 
improvement  is  not  documented. 
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Table  1.   Correlation  between  first-ratoon  first-clonal  trials 
and  plant-cane  second-clonal  trials  with  and  without  adjustment 
using  three  methods  of  adjustment  with  the  augmented  design. 


Row-Column 

Fertility 
Index 

Regress 

sion 

Unad j . 

Adj. 

Unad j . 

Adj. 

Unad j . 

Adj. 

Sucrose 
yield 

0.101 

±0.07 

228 

0.19 

±0.07 

208 

0.10 

±0.07 

228 

0.10 

±0.07 

207 

0.10 

±0.07 

228 

0.11 

±0.07 

207 

Cane 
yield 

0.13 

±0.06 

243 

0.22 

±0.07 

223 

0.13 

0.06 

243 

0.06 

±0.07 

222 

0.13 

±0.06 

243 

0.14 

±0.07 

222 

Stalk 
number 

0.35 

±0.04 

612 

0.31 

±0.04 

572 

0.35 

±0.04 

223 

0.20 

±0.04 

565 

0.35 

±0.04 

612 

0.36 

±0.04 

±565 

Stalk 
weight 

0.51 

±0.06 

243 

0.54 

±0.07 

223 

0.51 

±0.06 

243 

0.38 

±0.07 

222 

0.51 

0.06 

243 

0.50 

±0.07 

222 

Stalk 
diameter 

0.49 

±0.04 

612 

0.44 

±0.04 

572 

0.49 

±0.04 

612 

0.39 

±0.04 

565 

0.49 

±0.04 

612 

0.48 

±0.04 

565 

Stalk 
length 

0.31 

±0.04 

610 

0.34 

±0.04 

570 

0.31 

±0.04 

610 

0.22 

±0.04 

563 

0.31 

±0.04 

610 

0.32 

±0.04 

563 

Sucrose 
content 

0.10 

±0.07 

228 

0.09 

±0.07 

208 

0.10 

±0.07 

228 

0.14 

±0.07 

207 

0.10 

±0.07 

228 

0.11 

±0.07 

207 

1  Correlation,  ±  standard  deviation  and  number  of  paired 
observations . 
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EFFECT  OF  INTRAROW  SPACING  ON  CROSS  APPRASIAL 
OF  SUGARCANE  SEEDLING  FAMILIES 

Yih  Shiow  Chang  and  Scott  B.  Milligan 
Agronomy  Department 


Summary 


A  quick,  accurate  method  to  appraise  a  cross's  potential 
to  produce  elite  clones  is  needed.  The  current  method  requires 
four  to  five  years  and  is  of  questionable  accuracy.  A  study  to 
develop  a  practical  method  was  initiated  by  appraising  1800 
seedling  progeny  from  15  crosses  among  23  parents. 

The  study  demonstrated  seedling  evaluation  could 
effectively  identify  differences  among  crosses  both  in  mean  and 
variability  for  all  traits.  It  also  showed  the  probability  to 
produce  an  elite  clone  was  accurately  predicted  by  the  mean  value 
alone. 

The  stunted  nature  of  plant  cane  sugarcane  seedlings 
suggests  data  can  be  practically  collected  in  the  ratoon  crop  only. 
A  realistic  method  to  appraise  the  250  crosses  planted  each  year 
may  be  to  collect  mean  data  from  a  number  of  crosses  in  the  ratoon 
crop.  Stalk  number  would  be  collected  in  August  before  selection 
and  stalk  weight  and  sucrose  analysis  could  be  collected  after 
selection. 

Introduction 

A  measure  of  a  cross's  potential  to  produce  elite  progeny 
is  used  to  concentrate  selection  efforts  on  the  best  crosses  and  to 
estimate  the  breeding  value  of  different  genotypes.  The  Louisiana 
Sugarcane  Variety  Development  Program  (LSVDP)  and  most  sugarcane 
breeding  programs  worldwide  use  the  percentage  of  the  original 
seedlings  planted  that  are  selected  and  replanted  to  more  advanced 
stages  of  testing  to  appraise  cross  worth.  This  empirical  method 
requires  a  minimum  four  to  five  years  to  estimate  and  tends  to  be 
inconsistent  between  replications  and  years.  A  faster  and  more 
accurate  method  is  needed. 

Objective 

The  objective  of  this  study  is  to  develop  a  relatively 
fast,  accurate  and  practical  method  to  appraise  the  potential  of  a 
cross  to  produce  elite  genotypes. 

Materials  and  Methods 

The  approach  used  was  to  evaluate  a  representative  sample 
of  seedling  progeny.  All  types  of  appraisal  data  that  can 
reasonably  be  collected  at  this  selection  stage  were  collected. 
From  the  data,  means,  variances  and  the  probability  to  transgress 
a  target  value  were  estimated  (assumed  normal  distribution). 
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Techniques  to  estimate  the  probabilities  with  the  least  amount  of 
effort  will  be  considered  the  best  method. 

One-hundred  twenty  progeny  each  from  15  biparental  crosses  among  23 
parents  were  evaluated  in  plant  cane  seedlings  at  the  St.  Gabriel 
Research  Station.  The  seedlings  were  planted  in  three  replications 
at  two  intrarow  spacings  (the  standard,  41cm,  and  82cm).  Each  plot 
consisted  of  two  rows  (1.83m  centers)  with  10  plants  on  each  row. 
Additional  plants  were  included  to  buffer  the  test  plants  and  to 
equalized  plot  size.  On  a  single  stool  basis,  stalk  number, 
midstalk  diameter  of  three  stalks,  stalk  length,  hand  Brix,  ratings 
for  vigor,  tube  and  pith  were  collected.  To  better  appraise  cane 
yield,  two  stalks  from  each  of  sixty  progeny  were  randomly 
harvested  and  planted  from  each  cross.  The  progeny  and  their 
parents  were  planted  with  no  family  structure  in  a  RCB  design  using 
three  blocks. 

Results  and  Discussion 

Crosses  differed  in  their  mean  value  in  all  traits  (Table 
1).  Intrarow  spacing  affected  the  standard  deviation  of  stalk 
length  and  stool  weight  (Table  2).  Crosses  differed  in  the 
standard  deviation  of  stalk  length,  stalk  weight  and  stool  weight. 
Non-significant  cross  by  spacing  interaction  for  all  traits 
suggested  that  crosses  were  not  differentially  affected  by  intrarow 
spacing  (Table  1  and  Table  2).  The  affect  of  wider  intrarow 
spacing  was  tested  to  examine  its  effect  on  cross  variability.  It 
was  felt  crosses  with  high  mean  stalk  number  may  need  more  room  to 
fully  express  their  variability.  Thus  the  reason  for  two  intrarow 
spacings.  Although  the  standard  deviation  of  widely  planted 
seedlings  was  slightly  greater  than  at  the  normal  spacing,  there 
was  no  strong  indication  wider  intrarow  spacings  would 
significantly  improve  the  selectors'  ability  to  discern  differences 
among  clones  within  a  family  (Tables  2  and  3). 

Differences  in  cross  mean  yields  and  standard  deviation 
were  apparent  (Table  4).  Mean  and  variability  estimates 
occasionally  gave  conflicting  indications  of  the  potential  for  a 
cross  to  produce  elite  clones.  These  statistics  were  consolidated 
by  the  normal  probability  of  exceeding  a  target  value  (PROB) .  In 
this  study  PROB  was  considered  the  best  estimate  of  a  cross's 
worth . 

Each  year  the  LSVDP  plants  about  75,000  seedlings  from 
about  250  crosses.  Collection  of  individual  stool  data  as 
performed  in  this  study  is  not  practical.  Collection  of  cross  mean 
data  may  be  practical  due  to  the  reduced  record  keeping  and  ease  of 
data  collection.  The  mean  cross  value  proved  to  be  highly 
correlated  to  the  PROB  indicating  the  addition  of  the  standard 
deviation  to  the  prediction  of  the  PROB  would  add  little  to  the 
prediction's  accuracy  (Table  5). 

The  current  method  of  cross  appraisal  uses  the  percent 
advancement  from  seedlings  to  more  advanced  stages  of  selection. 
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There  was  no  correlation  of  the  mean,  standard  deviation  and  PROB 
with  the  percent  advancement  to  the  second  clonal  stage  (Table  6). 
Selectors  scrutinize  disease  traits,  pithiness  and  tube  presence  in 
addition  to  yield  factors.  These  correlations  did  not  take  these 
additional  factors  into  account.  It  is  speculated  their 
consideration  would  not  significantly  improve  the  correlations 
between  the  statistics  and  the  percent  advancement.  Pithiness  and 
tube  are  of  little  concern  in  designing  crosses  or  in  deciding  on 
what  crosses  to  plant  because  they  are  traits  easily  and  quickly 
selected  against  in  the  early  selection  stages. 

The  study  was  performed  on  plant  cane  seedlings.  Normal 
seedling  selection  is  performed  upon  first  ratoon  seedlings  in 
September  about  16  months  after  planting  to  allow  overwintering 
pressures  to  kill  an  average  25%  of  the  seedlings  and  hence  select 
for  winter  hardiness.  Additionally,  plant  cane  seedlings  are 
commonly  too  small  to  effectively  select  in  the  fall.  In  this 
study  the  plant  cane  seedlings  were  quite  small  and  made  data 
collection  difficult.  We  concluded  a  practical  appraisal  method 
should  be  performed  in  the  ratoon  crop. 

A  realistic  method  to  appraise  the  250  crosses  planted 
each  year  may  be  to  count  stalks  in  August  before  selection  and 
collect  stalk  weight  and  sucrose  data  after  selection.  Unpublished 
data  suggests  data  should  be  based  upon  about  50  stools  to  be 
accurate . 


Table  1.    Analysis  of  variance  for  plant  cane  single  stool 
sugarcane  yield  components. 


Source 

df   Stalk 

Stalk 

Stalk 

Stalk 

Stool 

Brix 

no. 

length 

diam. 

wt. 

wt. 

stool"1 

m 

cm 

kg 

kg 

% 

Block 

2 

355.94 

1.65 

2.14 

1.01 

200.65 

69.39 

Spacing 

1 

157.03" 

0.18 

0.08 

0.001 

96.55* 

33.05 

Cross 

14 

47.28* 

1.16" 

0.68" 

0.58" 

38.29" 

58.75" 

Cross  x 

14 

19.68 

0.36 

0.24 

0.21 

31.2 

7.83 

Spacing 

Exp'l 

58 

20.24 

0.37 

0.22 

0.17 

14.76 

9.60 

Error 

Sampling 

1262 

7.52 

0.12 

0.10 

0.052 

5.53 

4.43 

Error 

p  <  0.05;  **  p  <  0.01; 
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Table  2.  Analysis  of  variance  based  upon  full-sib  family  standard 
deviations  for  plant  cane  single  stool  sugarcane  yield  components. 


Source 

df 

Stalk 
no. 

Stalk 
length 

Stalk 
diam. 

Stalk 

wt. 

Stool 

wt. 

Brix 

(stool-1) 

m 
X10"2 

cm 
xlO"3 

kg 

X10"3 

kg 

% 

Block 

2 

3.394 

0.58 

6.58 

1.44 

4.62 

1.03 

Spacing 

1 

0.303 

2.47* 

4.58 

4.56 

2.18* 

0.13 

Cross 

14 

1.200 

1.10* 

9.37 

9.38" 

1.74** 

0.57 

Cross  x 
Spacing 

14 

0.506 

1.02 

6.64 

5.61 

0.70 

0.21 

Error 

58 

0.700 

0.59 

5.53 

3.77 

0.54 

0.32 

p  <  0.05 


Table  3.   Mean,  standard  deviation  and  PROB  for  each  intrarow 
spacing  for  plant  cane  single  stool  yield  components. 


Spacing 


Stalk 

Stalk 

Stalk 

Stalk 

Stool 

no. 

length 

diam. 

wt. 

wt . 

P(y>8) 

P(y>2) 

P(y>2.5) 

P(y>0.85) 

P(y>7) 

Brix 


P(y>19) 


stool" 


m 


cm 


Narrow 

4.61 

1.61 

2.19 

(41cm) 

±2.82 

±0.41 

±0.33 

(11.5) 

(17.1) 

(17.4) 

Wide 

5.62 

1.56 

2.22 

(82cm) 

±3.25 

±0.37 

±0.34 

(23.2) 

(11.7) 

(20.6) 

Overall 

5.07 

1.59 

2.20 

±3.06 

±0.39 

±0.34 

(16.9) 

(14.7) 

(18.9) 

kg 

0.63 

±0.26 

(19.9) 

0.62 

±0.25 

(17.9) 

0.62 

±0.26 

(18.8) 


kg 

2.93 

±2.24 
(3.5) 

3.70 

±2.98 

(13.4) 

3.28 
±2.63 
(7.9) 


16.66 

±2.29 

(15.3) 

16.38 

±2.35 

(13.3) 

16.53 

±2.32 

(14.4) 
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Table  4.  Means,  standard  deviations,  and  probabilities  of  exceeding  target  values 
for  six  traits  of  fifteen  full-sib  families  (crosses). 


Full-sib 
family1 


Stalks 
no. 


Stalk 
length 


Stalk 
diam. 


Stalk 
wt. 


Stool 
wt. 


Brix 


CP72-355  x 
CP77-310 

CP65 — 357  X 
CP72-2086 

LCP81-010  X 
L75-057 

LCP81-010  x 
L75-056 

CP79-332  X 
CP75-1082 

L84-218  x 
CP74-383 

CP80-313  X 
LCP81-030 

CP79-348  X 
L75-056 

CP74-383  X 
LCP81-030 

CP48-103  X 
CP77-310 

CP70-330  X 
CP77-310 

LCP81-010  X 
LCP82-089 

CP73-345  X 
CP77-407 

CP78-357  X 
CP77-407 

CP72-370  X 
CP62-258 


P  (Y>8)    P  (Y>2.0)    P  (Y>2.5)   P  (Y>.85)    P  (Y>7)    P  (Y>19) 


stool-1 

4.6±2.82 
(11.5) 

5.3±3.0 
(18.4) 

5.7±3.3 
(24.5) 

5.1±2.8 
(15.2) 

3.1±1.8 
(0.1) 

3.8±2.5 
(4.6) 

6.3±4.2 
(33.7) 

5.0±2.5 
(11.9) 

6.1±3.0 
(25.8) 

5.813.2 
(3.3) 

4.412.6 
(8.4) 

5.613.5 
(24.5) 

4.512.8 
(10.4) 

5.112.8 
(14.7) 

5.013.0 
(15.2) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


m 

.5210.37 
(9.8) 

.1510.37 
(9.0) 

.8010.39 
(30.7) 

.5810.35 
(11.5) 

.5710.42 
(15.3) 

.6410.42 
(19.5) 

.3210.31 
(1.5) 

.6710.39 
(19.9) 

.4910.32 
(5.5) 

.4610.41 
(9.0) 

.7210.38 
(23.0) 

.5810.39 
(14.1) 

.5610.32 
(8.7) 

.7010.43 
(24.2) 

.6610.33 
(14.6) 


cm 

.1810.32 
(16.2) 

.2010.35 
(19.6) 

.4210.31 
(40.2) 

.1410.32 
(12.8) 

.1210.40 
(17.2) 

.2510.31 
(20.9) 

.1510.30 
(12.3) 

.2510.39 
(25.9) 

.2810.32 
(24.9) 

.0810.32 
(9.0) 

.1610.29 
(12.5) 

.2610.33 
(23.5) 

.1210.31 
(10.6) 

.2110.31 
(17.3) 

.1910.31 
(15.6) 


kg 

0.5910.23 
(12.7) 

0.5810.22 
(11.0) 

0.8510.30 
(49.6) 

0.5910.24 
(13.7) 

0.5910.29 
(19.1) 

0.6610.26 
(23.6) 

0.4910.18 
(2.2) 

0.6910.30 
(29.0) 

0.6310.22 
(15.5) 

0.5010.19 
(3.3) 

0.6510.24 
(19.5) 

0.6610.27 
(24.0) 

0.5710.22 
(10.4) 

0.6610.74 
(21.9) 

0.6410.24 
(18.8) 


kg 

2.711.9 
(0.3) 

3.212.4 
(1.7) 

5.214.1 
(24.8) 

3.112.3 
(4.5) 

2.011.8 
(0.3) 

2.712.2 
(2.6) 

3.213.2 
(11.7) 

3.612.5 
(8.6) 

4.012.5 
(11.5) 

3.012.1 
(2.9) 

2.912.1 
(2.6) 

3.813.1 
(15.2) 

2.511.8 
(2.3) 

3.412.3 
(5.8) 

3.212.4 
(5.7) 


17.012.5 
(20.6) 

15.412.3 
(5.9) 

16.412.0 
(9.0) 

15.712.8 
(11.6) 

17.012.6 
(21.9) 

17.412.4 
(25.6) 

16.211.9 
(6.8) 

15.511.2 
(3.3) 

17.212.1 
(18.7) 

15.712.2 
(6.3) 

18.212.0 
(35.2) 

16.312.2 
(10.4) 

16.812.3 
(17.2) 

16.912.0 
(14.5) 

16.911.9 
(13.1) 


1  female  x  male. 

2  Mean  1  standard  deviation; 


(%  progeny  >  target  value) 
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Table  5.   Correlation  of  the  mean  and  standard  deviation  with  the 
PROB  for  plant  cane  single  stool  yield  components. 


Stalk   Stalk   Stalk    Stalk   Stool 
no.     diam.   length   wt.     wt. 


Brix 


Mean 


0.96"   0.96* 


standard    0.92 
deviation 


-  Man  ,  «td . 


0.18 
0.84"  -0.05 


0.94' 
0.66' 

0.47 


0.98"   0.93' 
0.84"   0.97' 


0.76' 


0.88' 


0.93' 
0.22 

-0.08 


p  <  0.05;  **  p  <  0.01,  n  =  15. 


Table  6.  Correlation  of  full-sib  family  mean,  standard  deviation 
and  PROB  with  the  percent  surviving  seedlings  advanced  to  second 
clonal  selection  stage. 


Statistic 

Stalk 

Stalk 

Stalk 

Stalk 

Stool 

Brix 

no. 

diam. 

length 

wt. 

wt. 

Mean 

-0.11 

-0.10 

0.07 

-0.02 

-0.12 

-0.05 

Standard 

0.12 

-0.08 

-0.11 

0.14 

-0.06 

0.29 

deviation 

PROB 

-0.07 

-0.15 

-0.09 

-0.32 

-0.10 

-0.04 

Table  7.  Coefficients  of  determination  (R2 )  of  the  linear 
regression  of  the  mean  and  standard  deviation  on  PROB  for  plant 
cane  single  stool  yield  components. 


Independent 

Stalk 

Stalk 

Stalk 

Stalk 

Stool 

Brix 

variable(s) 

no. 

diam. 

length 

wt. 

wt. 

Mean 

0.93 

0.92 

0.89 

0.96 

0.87 

0.86 

Mean ,  std . 

0.97 

0.98 

0.95 

0.98 

0.96 

0.95 

deviation 

A  R2 

0.04 

0.06 

0.06 

0.02 

0.09 

0.09 
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PHOTOPERIOD  AND  CROSSING  IN  THE  LOUISIANA  "L"  SUGARCANE 
VARIETY  DEVELOPMENT  PROGRAM  FOR  THE  YEAR  1989 

Joey  P.  Quebedeaux  and  F.  A.  Martin 

Summary 

All  subsequent  stages  of  the  Louisiana  "L"  Sugarcane 
Variety  Development  Program  rely  upon  the  production  of  viable 
"true"  seed  from  the  crossing  stage  of  the  program. 

Two-hundred  sixty-five  varieties  of  sugarcane  were  used 
in  the  1989  photoperiod  campaign.  There  were  57  "L" 
varieties,  76  "LCP"  varieties,  112  "CP"  varieties  selected  for 
Louisiana,  nine  "CP"  varieties  selected  for  Florida,  seven 
"US"  varieties  and  four  "B"  varieties.  One-hundred  forty- 
three  varieties  were  of  unknown  photoperiod  response.  To 
produce  desirable  crosses  from  a  large  number  of  sugarcane 
varieties,  synchronization  of  tasseling  is  of  utmost 
importance . 

Objectives 

1.  To  produce  viable  "true"  seed  for  testing  in  the 
Louisiana  "L"  Sugarcane  Variety  Development  Program. 

2.  Repeat  the  1988  photoperiod  strategy. 

3.  To  synchronize  the  tasseling  of  the  numerous 
varieties  used  in  the  crossing  stage.   To  ease  the 
congestion  of  tassels  in  the  crossing  greenhouse,  the 
tasseling  season  was  split  into  two  peaks. 

4.  To  obtain  data  on  the  tasseling  response  of 
experimental  varieties  introduced  as  parental  material. 

Results  and  Discussion 

Sunlight  was  the  sole  light  source  for  the  1989 
photoperiod  treatments.  The  doors  of  the  photoperiod  bays 
were  opened  at  the  prescribed  time  to  start  the  photoperiod 
treatments  and  the  carts  were  pulled  from  the  photoperiod 
houses.  The  natural  sunset  terminated  the  photoperiod  for 
each  day.  The  carts  were  pushed  into  the  photoperiod  houses 
after  sunset.  All  bays  recieved  induction  cycles  (constant 
daylength)  of  12  hours  and  3  0  minutes.  The  number  of 
induction  cycles  required  to  initiate  tasseling,  calculated 
from  data  gathered  from  previous  crossing  seasons,  determined 
which  day  the  photoperiod  treatment  was  begun  for  a  particular 
variety/bay  situation  (Table  1) . 

Ninety-five  early  to  medium  tasseling  varieties  were 
placed  on  the  nine  rail  carts  in  Bays  1,  2,  and  3  according  to 
their  ease  of  photoperiod  induction.  Varieties  designated  for 
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pollen  production  were  placed  on  the  carts  in  Bay  3  and  were 
heated  when  ambient  temperature  fell  below  70°F.  Results  from 
previous  experiments  have  shown  that  varieties  protected  from 
cool  night  temperatures  tasseled  earlier  than  unprotected 
varieties.  Therefore,  to  synchronize  tasseling,  the 
decreasing  of  photoperiod  for  Bay  3  commenced  five  days  later 
than  that  for  Bays  1  and  2  (July  10  vs.  July  5) . 

Seventy-eight  early  to  late  tasseling  varieties  were 
placed  on  the  nine  rail  carts  in  Bays  4,  5,  and  6  according  to 
their  ease  of  photoperiod  induction.  Varieties  designated  for 
pollen  production  were  placed  on  carts  in  Bays  4  and  5  and 
were  heated  when  ambient  temperature  fell  below  7  0°F.  The 
photoperiod  decrease  for  Bay  6,  which  decreased  at  the  same 
rate  as  Bay  5,  was  begun  10  days  earlier  because  the  varieties 
on  these  carts  were  not  protected  from  cool  nights.  The 
photoperiod  decrease  for  Bay  4  (which  contained  only  pollen 
producing  varieties)  was  begun  10  days  earlier  than  Bay  5 
because  previous  experiments  suggested  that  decreasing  the 
photoperiod  at  a  slower  rate  produces  more  viable  pollen. 

Synchronization  of  tasseling  between  the  two  peaks  and 
across  all  six  bays  was  excellent  (Table  2) .  Crossing  began 
on  September  5  and  ended  on  October  27.  Five-hundred  sixty- 
five  crosses  were  made  during  the  1989  crossing  campaign  and 
are  summarized  in  Tables  3,  4,  5,  and  6. 

The  143  varieties  of  unknown  photoperiod  response,  along 
with  ten  varieties  of  known  photoperiod  response  ranging  from 
early  to  late,  were  placed  on  the  greenhouse  rail  cart  system 
for  natural  induction.  Anthesis  began  on  December  4  and 
continued  until  the  end  of  December.  At  this  point,  all 
varieties  that  had  not  tasseled  were  examined  for  signs  of 
induction.  By  comparing  the  date  of  tasseling  to  those  of  the 
known  varieties,  a  first  approximation  of  the  photoperiod 
response  of  the  new  varieties  was  made.  The  pollen  producing 
capacity  of  each  new  variety  that  tasseled  after  natural 
induction  was  also  estimated.  Because  of  the  successful 
synchronization  and  crossing  of  the  photoperiod  house  induced 
tassels  and  the  need  to  economize  expenses,  no  crosses  were 
made  with  the  tassels  induced  by  natural  photoperiod. 
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Table  1.    Summary  of  the  1989  photoperiod  treatments. 


Start 

Decline 

Heat 

Tare 
Tasse 

fet 

iling 

Bay 

Cart 

Treatment17 

Date 

Rate27 

Status 

Date 

1 

A 

June 

22 

July 

05 

1 

No 

Sept 

27 

1 

B 

June 

12 

1! 

it 

1 

No 

ii 

ii 

1 

C 

June 

05 

II 

ii 

1 

No 

it 

ii 

2 

A 

June 

19 

II 

it 

1 

No 

it 

ii 

2 

B 

June 

05 

II 

it 

1 

No 

ii 

ii 

2 

C 

June 

05 

II 

it 

1 

No 

ii 

ii 

3 

A 

June 

19 

July 

10 

1 

Yes 

it 

ii 

3 

B 

June 

16 

ii 

ii 

1 

Yes 

ii 

ii 

3 

C 

June 

11 

ii 

it 

1 

Yes 

ii 

ii 

4 

A 

June 

18 

July 

14 

1/2 

Yes 

Oct 

11 

4 

B 

June 

12 

it 

ii 

1/2 

Yes 

It 

ii 

4 

C 

June 

05 

it 

it 

1/2 

Yes 

II 

ii 

5 

A 

July 

05 

July 

24 

1 

Yes 

II 

ii 

5 

B 

June 

16 

it 

ii 

1 

Yes 

II 

ii 

5 

C 

June 

05 

it 

ii 

1 

Yes 

II 

ii 

6 

A 

June 

29 

July 

14 

1 

No 

II 

it 

6 

B 

June 

19 

it 

ii 

1 

No 

II 

ii 

6 

C 

June 

05 

n 

ii 

1 

No 

II 

ii 

Some  varieties  were  removed  from  the  carts  prior 
to  the  start  date  due  to  different  photoperiodic 
response  and  reinstalled  at  later  dates. 
Treatments  began  with  constant  daylengths  of 
12  hours  and  3  0  minutes. 


27  Minutes  per  day. 
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Table  2. 

Minimum  davs  to  first  flower  bv  bav  and  variety  for  19891. 

Variety 

Bay  1   Bay  2   Bay  3   Bay  4  Bay  5   Bay  6   Bay  7   Bay  8 

B70-734 

B71-941 

B74-725 

B76-719 

CP57-614 

CP61-037 

CP62-258 

CP65-357 

CP67-412 

CP70-321 

CP70-330 

CP71-449 

CP72-1312 

CP72-355 

CP72-356 

CP72-370 

CP73-343 

CP73-345 

CP73-351 

CP74-1188 

CP74-383 

CP75-1082 

CP75-330 

CP75-361 

CP76-301 

CP76-331 

CP77-310 

CP77-405 

CP77-407 

CP78-317 

CP79-318 

CP79-332 

CP79-348 

CP80-313 

CP80-323 

CP80-329 

CP80-351 

CP80-352 

CP80-356 

CP81-1254 

CP81-1302 

CP81-1425 

CP81-1435 

CP81-2062 

CP81-2149 

CP82-513 

CP82-550 

CP82-551 

CP82-559 

CP83-606 

CP83-625 

CP83-644 

CP84-730 

CP84-738 

CP85-800 

CP85-803 

CP85-830 

CP85-845 

CP85-859 

CP85-860 


105 

95 
95 

91 
91 

92 
88 

78 

93 


81 
90 

76 
88 
99 
85 

97 

EMGD 
71 


90 
98 


93 


91 


88 


81 


93 


81 
79 
91 


71 


91 


98 


NONE 
111 
101 
92 
101 
105 


98 
102 

123 
94 

94 
91 
94 
89 
99 


84 
92 


77 
84 
89 
94 
84 


91 
108 


92 
91 


92 


99 


126 


76 


NONE^ 
116 

122 


125 
112 

112 
113 

109 
114 

136 

101 

EMGD 

102 

EMGD 
88 
96 

99 


113 
113 
119 


125 


118 
NONE 


110 
103 
113 


103 


99 

107 

INDC 

98 

99 


93 
86 

102 


91 
86 
91 
89 
103 

NONE 

110 


91 

INDC 
108 


108 


134 

108 
101 


INDC 


NONE 


NONE 
99 
99 


91 

102 
95 
100 
102 
100 
90 


85 
83 

89 


90 
88 


97 

116 

85 

98 


83 


126 


97 
126 
102 

97 


EMGD 


NONE 


INDC 
NONE 


NONE 
NONE 


NONE 


375 


INDC 


381 


365 


NONE 


NONE 
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Table  2.   Continued. 


Variety 


Bay  1   Bay  2   Bay  3   Bay  4   Bay  5   Bay  6   Bay  7   Bay  8 


CP85-861 

88 

CP85-866 

97 

CP86-901 

97 

CP86-912 

99 

CP86-915 

. 

CP86-916 

88 

CP86-917 

. 

CP86-921 

143 

CP86-924 

. 

CP86-927 

Ill 

CP86-929 

88 

CP86-933 

EMGD 

CP86-936 

113 

CP86-939 

113 

CP86-941 

104 

CP86-946 

111 

CP86-947 

88 

CP86-948 

97 

CP86-950 

120 

CP86-956 

91 

CP86-961 

EMGD 

CP86-969 

139 

CP86-972 

NONE 

CP86-974       9: 

I              88 

CP86-979 

NONE 

CP87-600 

CP87-601 

CP87-602 

CP87-603 

CP87-605 

CP87-606 

CP87-608 

CP87-609 

CP87-613 

CP87-615 

CP87-618 

CP87-619 

CP87-620 

CP87-625 

CP87-626 

CP87-628 

CP87-637 

CP87-638 

CP87-639 

CP87-640 

CP87-644 

CP87-648 

CP87-649 

CP87-650 

CP87-651 

CP87-652 

CP87-653 

CP87-656 

CP87-657 

CP87-658 

CP87-659 

CP87-661 

CP87-662 

CP87-663 

CP87-664 

110 
99 
89 
92 


NONE 

NONE 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

. 

. 

NONE 

. 

NONE 

NONE 

. 

INDC 

. 

NONE 

. 

ABRT 

. 

. 

NONE 

. 

347 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

. 

. 

NONE 

. 

NONE 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

. 

. 

377 

. 

NONE 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

. 

. 

NONE 

. 

NONE 

379 

. 

NONE 

. 

NONE 

. 
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Table  2.      Continued. 


Variety 


Bay  1   Bay  2   Bay  3 


Bay  4   Bay  5   Bay  6   Bay  7   Bay  8 

NONE 

NONE 
NONE 
NONE 


CP87-665 

CP87-666 

CP87-667 

CP87-668 

L75-002 

L75-056 

L84-290 

L88-026 

L88-027 

L88-028 

L88-029 

L88-030 

L88-031 

L88-032 

L88-033 

L88-034 

L88-035 

L88-036 

L88-037 

L88-038 

L88-039 

L88-040 

L88-041 

L88-042 

L88-043 

L88-044 

L88-045 

L88-046 

L88-047 

L88-048 

L88-049 

L88-050 

L88-051 

L88-052 

L88-053 

L88-054 

L88-055 

L88-059 

L88-060 

L88-061 

L88-062 

L88-063 

L88-064 

L88-065 

L88-066 

L88-067 

L88-068 

L88-069 

L88-070 

L88-071 

L88-072 

L88-073 

L88-074 

L88-075 

L88-076 

L88-080 

L88-082 

L88-083 

L88-084 

L88-086 


99 


81 


118 


122 


113 


104 


NONE 
NONE 


. 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

NONE 

. 

NONE 

. 

. 

381 

. 

NONE 

. 

NONE 

. 

NONE 

ABRT 

. 

NONE 

. 

. 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

NONE 

. 

NONE 

. 

. 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

INDC 

. 

ABRT 

. 

. 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

NONE 

. 

344 

. 

. 

NONE 

. 

NONE 

. 

NONE 

. 

NONE 

369 

. 

INDC 

. 

. 

NONE 

. 

NONE 

. 

338 

. 

375 

352 

. 

349 

. 

• 

NONE 

. 

363 

„ 

NONE 

. 

NONE 

NONE 

. 

NONE 

. 

. 

NONE 

. 

NONE 

. 

NONE 
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Table  2.   Continued. 


Variety 


Bay  1  Bay  2   Bay  3   Bay  4  Bay  5 


Bay  6   Bay  7   Bay  8 

NONE 

88 

99 
102 


L88-092 

LCP81-005 

LCP81-010 

LCP81-026 

LCP81-030 

LCP82-033 

LCP82-047 

LCP82-089 

LCP83-149 

LCP83-153 

LCP85-307 

LCP85-336 

LCP85-341 

LCP85-376 

LCP85-384 

LCP86-393 

LCP86-395 

LCP86-408 

LCP86-412 

LCP86-419 

LCP86-420 

LCP86-422 

LCP86-426 

LCP86-429 

LCP86-435 

LCP86-450 

LCP86-451 

LCP86-453 

LCP86-454 

LCP86-456 

LCP86-457 

LCP86-468 

LCP87-001 

LCP87-002 

LCP87-003 

LCP87-004 

LCP87-005 

LCP87-010 

LCP87-012 

LCP87-013 

LCP87-014 

LCP87-017 

LCP87-018 

LCP87-019 

LCP87-020 

LCP87-023 

LCP87-024 

LCP87-025 

LCP87-472 

LCP87-473 

LCP87-474 

LCP87-477 

LCP87-478 

LCP87-479 

LCP87-483 

LCP87-486 

LCP87-490 

LCP87-491 

LCP87-492 

LCP87-494 


95 

102 

88 
83 


97 

84 

88 
120 


99 


98 


98 
88 
84 
98 

99 
99 


98 
92 

88 


86 
120 

91 

91 


94 


122 

101 

99 

126 

114 

126 

INDC 

NONE 

116 

98 


110 
95 

99 


92 

125 


99 
101 


108 

106 

108 

115 

96 

BOOT 
106 

BOOT 


118 


120 

NONE 

113 

101 

112 
NONE 


91 
95 


NONE 

342 

NONE 


344 

NONE 

357 


INDC 

352 

NONE 


NONE 
NONE 
NONE 


NONE 

346 

NONE 


365 


NONE 

NONE 

357 


357 
NONE 
NONE 


NONE 

NONE 

381 


NONE 

346 

NONE 


103 


Table  2.   Continued. 


Variety 

Bay  1 

Bay  2   Bay  3   Bay  4   Bay  5   Bay  6 

Bay  7 

Bay  8 

LCP87-495 

# 

NONE 

LCP87-496 

. 

344 

LCP87-497 

NONE 

. 

LCP87-499 

NONE 

. 

LCP88-056 

ABRT 

. 

LCP88-057 

. 

NONE 

LCP88-058 

. 

346 

LCP88-077 

. 

NONE 

LCP88-078 

NONE 

. 

LCP88-079 

NONE 

. 

LCP88-081 

NONE 

. 

LCP88-085 

. 

NONE 

LCP88-087 

. 

NONE 

LCP88-088 

NONE 

. 

LCP88-090 

NONE 

. 

LCP88-091 

346 

. 

LCP88-093 

. 

NONE 

US74-090 

95 

100 

. 

. 

US77-017 

128 

8< 

)      9< 

) 

97 

. 

. 

US78-026 

. 

86 

,       . 

. 

. 

US80-004 

88 

84 

,       . 

NONE 

. 

US86-002 

• 

99 

110 

• 

NONE 

'Non- flowering  responses  based  on  most  advanced  stage. 
2BOOT  -  boot  stage;  EMGD  -  emerged;   INDC  -  induced;  NONE 
response. 


-  no  flowering 


10A 


Table  3.   Summary  of  the  1989  crossing  campaign. 

Type  of  cross        No.  of  crosses         No.  of  seedlings 

Biparental  465  250,033 

Polycross  33  60,722 

Self  _67  18.428 

Total  565  329,183 


105 


Table  4.   1989  crossing  data  sorted  by  cross  nunber. 


Cross 


Female 


Male 


Seed 


Cross 


Female 


Male 


Seed 


XL89-001 

CP86-947 

89P1 

1840 

XL89-002 

US78-026 

89P1 

1270 

XL89-003 

CP86-956 

89P1 

86 

XL89-004 

LCP86-412 

89P1 

169 

XL89-005 

CP86-916 

89P1 

454 

XL89-006 

CP86-929 

89P1 

1927 

XL89-007 

CP85-861 

89P1 

3427 

XL89-008 

LCP86-420 

89P1 

24 

XL89-009 

CP85-860 

89P1 

2636 

XL89-01J 

CP78-317 

CP82-550 

33 

XL89-011 

CP78-317 

CP85-830 

0 

XL89-012 

CP78-317 

CP86-924 

173 

XL89-013 

CP78-317 

CP82-550 

0 

XL89-014 

CP78-317 

CP82-550 

24 

XL89-015 

CP86-956 

CP77-407 

35 

XL89-016 

LCP85-384 

US80-004 

30 

XL89-017 

LCP86-395 

US80-004 

15 

XL89-018 

CP74-383 

CP85-830 

30 

XL89-019 

LCP86-395 

CP85-830 

0 

XL89-020 

CP74-383 

LCP86-420 

18 

XL89-021 

CP86-916 

CP72-370 

0 

XL89-022 

CP82-550 

SELF 

0 

XL89-023 

CP85-830 

SELF 

11 

XL89-024 

CP86-924 

SELF 

9 

XL89-025 

CP77-407 

SELF 

0 

XL89-026 

US80-004 

SELF 

28 

XL89-027 

CP85-830 

SELF 

0 

XL89-028 

LCP86-420 

SELF 

0 

XL89-029 

CP72-370 

SELF 

0 

XL89-030 

CP74-383 

CP72-1312 

0 

XL89-031 

CP72-1312 

SELF 

31 

XL89-032 

CP70-330 

CP72-370 

7 

XL89-033 

LCP86-395 

CP77-310 

10 

XL89-034 

CP77-310 

SELF 

9 

XL89-035 

LCP86-395 

CP77-310 

16 

XL89-036 

LCP85-376 

LCP81-026 

24 

XL89-037 

LCP85-376 

LCP81-026 

24 

XL89-038 

LCP81-026 

SELF 

0 

XL89-039 

CP75-330 

CP75-1082 

814 

XL89-040 

CP74-383 

CP75-1082 

346 

XL89-041 

CP75-1082 

SELF 

140 

XL89-042 

CP75-361 

LCP85-384 

99 

XL89-043 

CP70-330 

LCP85-384 

9 

XL89-044 

LCP85-384 

SELF 

16 

XL89-045 

CP75-361 

LCP85-384 

260 

XL89-046 

CP70-330 

LCP85-384 

0 

XL89-047 

CP75-361 

LCP85-384 

269 

XL89-048 

CP70-330 

LCP85-384 

25 

XL89-049 

CP78-317 

CP81-1425 

297 

XL89-050 

CP81-1425 

SELF 

0 

XL89-051 

CP82-550 

CP86-929 

154 

XL89-052 

CP86-929 

SELF 

65 

XL89-053 

CP85-866 

CP77-310 

216 

XL89-054 

CP74-383 

CP77-310 

0 

XL89-055 

CP86-912 

CP77-310 

34 

XL89-056 

CP74-383 

CP77-310 

32 

XL89-057 

LCP86-450 

CP72-1312 

17 

XL89-058 

CP83-606 

CP72-1312 

0 

XL89-059 

US77-017 

CP72-1312 

42 

XL89-060 

CP83-606 

CP72-1312 

11 

XL89-061 

CP74-383 

LCP85-384 

91 

XL89-062 

CP75-361 

LCP82-033 

0 

XL89-063 

LCP82-033 

SELF 

0 

XL89-064 

CP86-974 

LCP82-033 

0 

XL89-065 

CP70-330 

CP86-956 

0 

XL89-066 

CP82-550 

CP86-956 

0 

XL89-067 

CP86-956 

SELF 

0 

XL89-068 

CP75-361 

US80-004 

196 

XL89-069 

CP78-317 

US80-004 

0 

XL89-070 

LCP86-454 

LCP81-026 

73 

XL89-071 

LCP86-453 

LCP81-026 

0 

XL89-072 

LCP86-395 

CP80-323 

0 

XL89-073 

LCP86-948 

CP80-323 

0 

XL89-074 

CP80-323 

SELF 

0 

XL89-075 

CP70-330 

CP72-370 

0 

XL89-076 

LCP86-454 

CP72-370 

18 

XL89-077 

LCP86-454 

LCP85-376 

0 

XL89-078 

LCP86-454 

LCP85-376 

0 

XL89-079 

CP74-383 

LCP85-376 

6 

XL89-080 

LCP86-454 

LCP85-376 

0 

XL89-081 

LCP86-454 

LCP85-376 

15 

XL89-082 

CP74-383 

LCP85-376 

0 

XL89-083 

LCP85-376 

SELF 

0 

XL89-084 

LCP86-454 

L84-290 

0 

XL89-085 

CP74-383 

L84-290 

0 

XL89-086 

CP74-383 

L84-290 

8 

XL89-087 

CP65-357 

L84-290 

0 

XL89-088 

L84-290 

SELF 

12 

XL89-089 

CP65-357 

LCP85-384 

9 

XL89-090 

CP80-352 

LCP85-384 

0 

XL89-091 

CP73-345 

LCP85-384 

0 

XL89-092 

CP65-357 

LCP85-384 

0 

XL89-093 

CP80-352 

LCP85-384 

10 

XL89-094 

CP73-345 

LCP85-384 

16 

XL89-095 

CP65-357 

LCP85-384 

0 

XL89-096 

CP80-352 

LCP85-384 

0 

XL89-097 

CP73-345 

LCP85-384 

0 

XL89-098 

CP83-606 

CP72-370 

0 

XL89-099 

CP79-348 

CP72-370 

0 

XL89-100 

US74-090 

CP72-370 

29 

XL89-101 

US86-002 

CP72-370 

0 

XL89-102 

LCXP86-453 

CP72-370 

0 

XL89-103 

CP78-317 

CP72-1312 

10 

XL89-104 

LCP86-395 

CP72-1312 

0 

XL89-105 

CP70-330 

LCP85-384 

0 

XL89-106 

LCP86-395 

LCP85-384 

0 

XL89-107 

CP86-974 

CP80-323 

0 

XL89-108 

CP85-866 

CP80-323 

0 

XL89-109 

CP80-352 

CP85-845 

0 

XL89-110 

CP75-361 

CP85-845 

19 

XL89-111 

CP85-845 

SELF 

0 

XL89-112 

CP61-037 

CP86-948 

0 

XL89-113 

CP86-948 

SELF 

0 

XL89-114 

CP61-037 

CP76-331 

14 

XL89-115 

LCP86-429 

CP76-331 

0 

XL89-116 

LCP86-453 

CP76-331 

14 

XL89-117 

CP76-331 

SELF 

29 

XL89-118 

CP79-332 

LCP81-010 

0 

XL89-119 

LCP86-395 

LCP81-010 

0 

XL89-120 

LCP81-010 

SELF 

15 

XL89-121 

LCP82-033 

CP80-313 

0 

XL89-122 

US74-090 

CP77-310 

0 

XL89-123 

CP85-803 

CP77-310 

0 

XL89-124 

LCP86-395 

CP77-310 

0 

XL89-125 

CP82-550 

CP77-310 

0 

XL89-126 

US86-002 

CP77-310 

16 

XL89-127 

CP83-644 

CP72-1312 

0 

XL89-128 

CP70-330 

CP72-1312 

0 

XL89-129 

CP83-606 

LCP81-010 

0 

XL89-130 

LCP85-376 

LCP81-010 

0 

XL89-131 

CP86-956 

CP77-310 

0 

XL89-132 

LCP85-384 

CP77-310 

42 

XL89-133 

CP79-332 

LCP86-450 

9 

XL89-134 

CP73-345 

LCP86-450 

0 

XL89-135 

LCP86-450 

SELF 

13 

XL89-136 

CP79-318 

LCP82-089 

223 

XL89-137 

LCP82-089 

SELF 

158 

XL89-138 

LCP85-307 

LCP82-047 

213 

XL89-139 

CP86-917 

LCP82-047 

955 

XL89-140 

LCP85-307 

LCP82-047 

184 

XL89-141 

LCP82-047 

SELF 

33 

XL89-142 

CP86-974 

CP75-330 

0 

XL89-143 

CP75-330 

SELF 

9 

XL89-144 

CP78-317 

SELF 

19 

Table  4.  Continued. 


106 


Cross 


Female 


Male 


Seed 


XL89-145 

CP73-345 

LCP86-435 

108 

XL89-146 

CP80-352 

LCP86-435 

537 

XL89-K7 

LCP86-435 

SELF 

88 

XL89-148 

CP82-550 

CP81-1435 

0 

XL89-149 

CP75-361 

CP81-1435 

0 

XL89-150 

CP81-H35 

SELF 

0 

XL89-151 

LCP85-384 

CP75-1082 

1782 

XL89-152 

LCP85-395 

LCP86-420 

0 

XL89-153 

CP75-361 

LCP86-420 

10 

XL89-154 

CP86-941 

CP70-330 

245 

XL89-155 

LCP86-456 

CP70-330 

42 

XL89-156 

LCP85-376 

CP70-330 

51 

XL89-157 

CP70-330 

SELF 

0 

XL89-158 

CP85-859 

CP73-343 

10 

XL89-159 

CP82-513 

CP73-343 

50 

XL89-160 

US86-002 

CP73-343 

316 

XL89-161 

CP73-343 

SELF 

83 

XL89-162 

LCP86-454 

CP76-331 

190 

XL89-163 

LCP86-454 

CP76-331 

13 

XL89-164 

CP72-370 

LCP85-376 

0 

XL89-165 

CP61-037 

LCP85-376 

0 

XL89-166 

CP72-370 

LCP85-376 

23 

XL89-167 

CP79-318 

LCP85-376 

0 

XL89-168 

CP79-332 

LCP85-376 

0 

XL89-169 

CP73-345 

LCP85-376 

0 

XL89-170 

LCP86-454 

CP72-356 

0 

XL89-171 

LCP86-395 

CP72-356 

0 

XL89-172 

CP72-356 

SELF 

0 

XL89-173 

LCP82-033 

CP72-355 

33 

XL89-174 

CP79-318 

CP72-355 

10 

XL89-175 

CP80-352 

CP72-355 

282 

XL89-176 

LCP85-384 

CP72-355 

0 

XL89-177 

CP72-355 

SELF 

24 

XL89-178 

LCP82-033 

CP72-355 

10 

XL89-179 

CP79-318 

CP72-355 

0 

XL89-180 

CP80-352 

CP72-355 

25 

XL89-181 

L84-290 

CP72-355 

3 

XL89-182 

LCP82-033 

CP72-355 

130 

XL89-183 

CP79-318 

CP72-355 

13 

XL89-184 

CP80-352 

CP72-355 

102 

XL89-185 

LCP86-429 

CP72-355 

0 

XL89-186 

US77-017 

CP72-1312 

34 

XL89-187 

CP79-318 

CP72-1312 

15 

XL89-188 

CP80-352 

CP72-1312 

286 

XL89-189 

US77-017 

CP72-1312 

101 

XL89-190 

CP79-318 

CP72-1312 

28 

XL89-191 

CP77-405 

CP76-331 

592 

XL89-192 

L75-056 

CP76-331 

184 

XL89-193 

CP85-845 

CP76-331 

893 

XL89-194 

LCP85-384 

CP76-331 

888 

XL89-195 

CP75-1082 

CP80-313 

690 

XL89-196 

LCP86-429 

CP80-313 

508 

XL89-197 

CP77-407 

CP77-310 

72 

XL89-198 

L84-290 

CP77-310 

312 

XL89-199 

LCP86-395 

CP81-1435 

33 

XL89-200 

CP82-550 

LCP86-435 

0 

XL89-201 

CP85-830 

LCP86-435 

31 

XL89-202 

CP79-318 

LCP86-435 

0 

XL89-203 

CP79-318 

CP86-917 

30 

XL89-204 

CP75-361 

CP86-917 

148 

XL89-205 

CP86-917 

SELF 

18 

XL89-206 

LCP85-384 

CP86-924 

972 

XL89-207 

LCP86-395 

CP86-924 

0 

XL89-208 

LCP86-454 

LCP82-089 

718 

XL89-209 

CP79-332 

LCP82-089 

661 

XL89-210 

LCP86-450 

LCP82-089 

1110 

XL89-211 

LCP86-412 

CP73-343 

446 

XL89-212 

CP85-866 

CP73-343 

2457 

XL89-213 

LCP86-412 

CP73-343 

374 

XL89-2H 

CP85-859 

CP73-343 

18 

XL89-215 

CP70-330 

CP83-644 

11 

XL89-216 

LCP85-384 

CP83-644 

125 

Cross 


Female 


Male 


Seed 


XL89-217 

L75-056 

CP83-644 

0 

XL89-218 

CP83-644 

SELF 

0 

XL89-219 

CP70-330 

LCP85-376 

35 

XL89-220 

LCP85-341 

LCP85-376 

216 

XL89-221 

CP61-037 

LCP85-376 

9 

XL89-222 

CP83-606 

LCP85-376 

0 

XL89-223 

LCP81-005 

CP62-258 

911 

XL89-224 

CP72-370 

CP62-258 

327 

XL89-225 

CP73-345 

CP62-258 

540 

XL89-226 

LCP81-005 

CP62-258 

560 

XL89-227 

CP72-370 

CP62-258 

322 

XL89-228 

CP73-345 

CP62-258 

590 

XL89-229 

CP62-258 

SELF 

112 

XL89-230 

CP65-357 

LCP85-336 

616 

XL89-231 

CP79-318 

LCP85-336 

351 

XL89-232 

CP79-348 

LCP85-336 

409 

XL89-233 

LCP85-336 

SELF 

370 

XL89-234 

CP65-357 

LCP85-336 

1267 

XL89-235 

CP79-318 

LCP85-336 

947 

XL89-236 

CP79-348 

LCP85-336 

793 

XL89-237 

CP65-357 

LCP85-336 

1525 

XL89-238 

CP79-318 

LCP85-336 

830 

XL89-239 

CP79-348 

LCP85-336 

764 

XL89-240 

LCP85-307 

LCP85-336 

866 

XL89-241 

CP72-1312 

LCP85-336 

486 

XL89-242 

L84-290 

LCP82-047 

2726 

XL89-243 

CP85-803 

LCP82-047 

1807 

XL89-244 

US77-017 

LCP82-047 

1849 

XL89-245 

CP86-974 

CP81-1425 

24 

XL89-246 

CP82-559 

CP75-330 

75 

XL89-247 

LCP86-395 

CP75-330 

163 

XL89-248 

L75-056 

CP75-330 

62 

XL89-249 

CP75-361 

CP73-343 

1067 

XL89-250 

CP86-974 

CP73-343 

264 

XL89-251 

CP86-974 

CP73-343 

216 

XL89-252 

CP83-606 

CP81-1302 

43 

XL89-253 

CP81-1302 

SELF 

1153 

XL89-254 

LCP85-384 

LCP85-341 

1095 

XL89-255 

CP85-845 

LCP85-341 

832 

XL89-256 

LCP85-341 

SELF 

129 

XL89-257 

CP65-357 

CP83-644 

260 

XL89-258 

CP74-383 

CP83-644 

84 

XL89-259 

CP70-330 

LCP81-026 

19 

XL89-260 

L84-290 

LCP81-026 

74 

XL89-261 

CP74-383 

CP75-330 

118 

XL89-262 

CP85-803 

CP75-330 

250 

XL89-263 

LCP86-420 

CP75-330 

0 

XL89-264 

CP73-345 

CP77-407 

459 

XL89-265 

LCP86-420 

CP77-407 

45 

XL89-266 

CP80-323 

CP77-407 

882 

XL89-267 

CP73-345 

CP77-407 

87 

XL89-268 

LCP86-420 

CP77-407 

6 

XL89-269 

CP80-323 

CP77-407 

909 

XL89-270 

LCP81-010 

LCP82-089 

1728 

XL89-271 

LCP85-384 

LCP82-089 

1421 

XL89-272 

LCP86-395 

LCP82-089 

235 

XL89-273 

CP74-383 

LCP81-030 

475 

XL89-274 

CP70-330 

LCP81-030 

128 

XL89-275 

LCP85-384 

LCP81-030 

1252 

XL89-276 

LCP81-030 

SELF 

26 

XL89-277 

CP85-800 

CP73-343 

103 

XL89-278 

CP75-361 

CP73-343 

1205 

XL89-279 

B70-734 

CP73-343 

310 

XL89-280 

CP85-800 

CP73-343 

145 

XL89-281 

CP75-361 

CP73-343 

387 

XL89-282 

B70-734 

CP73-343 

650 

XL89-283 

CP85-800 

CP73-343 

196 

XL89-284 

CP75-361 

CP73-343 

1736 

XL89-285 

B70-734 

CP73-343 

1056 

XL89-286 

US77-017 

LCP85-336 

1420 

XL89-287 

LCP81-010 

LCP85-336 

2028 

XL89-288 

CP80-323 

LCP85-336 

342 
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XL89-289 

US77-017 

LCP85-336 

269 

XL89-290 

CP80-323 

LCP85-336 

1509 

XL89-291 

LCP86-456 

CP75-1082 

2448 

XL89-292 

CP77-405 

CP80-323 

1312 

XL89-293 

LCP85-384 

CP80-323 

858 

XL89-294 

CP86-974 

CP80-323 

72 

XL89-295 

CP82-550 

CP73-343 

1474 

XL89-296 

LCP86-395 

CP73-343 

244 

XL89-297 

CP86-927 

CP73-343 

902 

XL89-298 

CP86-946 

CP73-343 

410 

XL89-299 

CP79-348 

CP70-330 

394 

XL89-300 

CP82-559 

CP70-330 

11 

XL89-301 

CP72-356 

CP70-330 

149 

XL89-302 

CP70-330 

SELF 

0 

XL89-303 

LCP85-384 

CP70-330 

108 

XL89-304 

CP77-310 

CP70-330 

808 

XL89-305 

CP86-974 

CP70-330 

22 

XL89-306 

CP77-310 

LCP81-026 

350 

XL89-307 

CP73-345 

LCP81-026 

30 

XL89-308 

CP74-383 

LCP81-026 

104 

XL89-309 

CP73-345 

CP74-383 

280 

XL89-310 

LCP86-456 

CP74-383 

64 

XL89-311 

LCP86-456 

CP74-383 

91 

XL89-312 

LCP86-454 

CP74-383 

91 

XL89-313 

CP77-310 

LCP81-010 

1050 

XL89-3K 

CP79-318 

LCP81-010 

1492 

XL89-315 

CP65-357 

LCP81-010 

610 

XL89-316 

CP73-345 

LCP81-010 

172 

XL89-317 

CP73-343 

CP80-329 

36 

XL89-318 

CP74-383 

SELF 

15 

XL89-319 

CP80-329 

SELF 

59 

XL89-320 

CP65-357 

LCP81-030 

940 

XL89-321 

LCP81-005 

LCP81-030 

554 

XL89-322 

CP80-323 

LCP81-030 

80 

XL89-323 

CP65-357 

LCP81-030 

780 

XL89-324 

CP80-323 

LCP81-030 

95 

XL89-325 

LCP82-033 

LCP81-030 

303 

XL89-326 

CP74-383 

LCP81-030 

414 

XL89-327 

CP70-330 

CP86-917 

35 

XL89-328 

CP72-370 

CP86-917 

78 

XL89-329 

L75-002 

CP86-917 

101 

XL89-330 

LCP86-393 

CP72-370 

578 

XL89-331 

CP86-939 

CP72-370 

340 

XL89-332 

CP85-859 

CP75-330 

19 

XL89-333 

CP75-361 

CP75-330 

138 

XL89-334 

CP83-606 

CP75-330 

0 

XL89-335 

CP79-332 

CP75-1082 

2279 

XL89-336 

LCP81-010 

LCP85-341 

693 

XL89-337 

CP70-330 

LCP85-341 

54 

XL89-338 

CP77-310 

LCP85-341 

684 

XL89-339 

CP80-352 

LCP85-341 

643 

XL89-340 

CP70-330 

CP80-329 

320 

XL89-341 

L75-002 

CP80-329 

94 

XL89-342 

CP86-936 

CP80-329 

943 

XL89-343 

L75-056 

LCP81-010 

264 

XL89-344 

L75-002 

LCP81-010 

507 

XL89-345 

CP73-343 

CP74-383 

0 

XL89-346 

LCP86-453 

CP74-383 

874 

XL89-347 

CP83-625 

CP74-383 

0 

XL89-348 

US74-090 

CP78-317 

211 

XL89-349 

LCP82-033 

CP78-317 

20 

XL89-350 

CP82-550 

CP78-317 

142 

XL89-351 

LCP82-033 

CP78-317 

0 

XL89-352 

US74-090 

CP78-317 

244 

XL89-353 

CP82-550 

CP78-317 

15 

XL89-354 

CP61-037 

L75-002 

146 

XL89-355 

LCP81-005 

L75-002 

838 

XL89-356 

CP72-370 

L75-002 

503 

XL89-357 

CP72-355 

CP77-310 

1496 

XL89-358 

CP72-355 

CP77-310 

1293 

XL89-359 

CP75-361 

CP77-310 

445 

XL89-360 

CP75-361 

CP77-310 

1570 

Seed 


XL89-361 

CP85-859 

CP77-310 

94 

XL89-362 

CP83-606 

CP77-310 

16 

XL89-363 

LCP86-426 

CP77-405 

24 

XL89-364 

LCP86-453 

CP77-405 

345 

XL89-365 

CP82-513 

LCP86-420 

15 

XL89-366 

L84-290 

US77-017 

1332 

XL89-367 

CP73-345 

US77-017 

576 

XL89-368 

US80-004 

CP70-330 

1351 

XL89-369 

LCP86-453 

CP70-330 

0 

XL89-370 

LCP86-454 

CP70-330 

46 

XL89-371 

CP86-936 

CP70-330 

310 

XL89-372 

CP86-946 

CP70-330 

62 

XL89-373 

CP77-407 

CP72-1312 

766 

XL89-374 

L84-290 

CP83-644 

1452 

XL89-375 

L84-290 

CP83-644 

1073 

XL89-376 

LCP86-393 

CP73-343 

1474 

XL89-377 

B70-734 

CP73-343 

870 

XL89-378 

CP79-332 

LCP86-395 

488 

XL89-379 

CP77-405 

CP81-2149 

882 

XL89-380 

CP72-356 

CP81-2149 

299 

XL89-381 

CP74-383 

CP81-2149 

101 

XL89-382 

CP85-859 

CP72-370 

37 

XL89-383 

LCP82-033 

CP72-370 

209 

XL89-384 

B70-734 

CP72-370 

313 

XL89-385 

LCP85-307 

CP74-383 

50 

XL89-386 

CP78-317 

SELF 

22 

XL89-387 

L75-002 

SELF 

19 

XL89-388 

CP77-405 

SELF 

1806 

XL89-389 

US77-017 

SELF 

370 

XL89-390 

LCP86-395 

SELF 

16 

XL89-391 

CP81-2149 

SELF 

24 

XL89-392 

CP86-915 

CP73-343 

1306 

XL89-393 

CP86-915 

CP73-343 

1708 

XL89-394 

CP86-915 

CP73-343 

370 

XL89-395 

LCP86-426 

CP73-343 

58 

XL89-396 

LCP86-426 

CP73-343 

110 

XL89-397 

CP79-318 

CP73-343 

2300 

XL89-398 

LCP82-033 

CP73-343 

732 

XL89-399 

CP79-318 

CP73-343 

3578 

XL89-400 

LCP82-033 

CP73-343 

880 

XL89-401 

CP80-352 

LCP82-047 

0 

XL89-402 

CP72-1312 

LCP82-047 

1577 

XL89-403 

CP80-352 

LCP82-047 

2123 

XL89-404 

CP74-383 

CP72-1312 

271 

XL89-405 

CP70-330 

CP83-644 

756 

XL89-406 

CP77-310 

LCP81-030 

1781 

XL89-407 

CP72-355 

LCP81-030 

1463 

XL89-408 

CP73-345 

CP77-407 

662 

XL89-409 

CP72-355 

CP77-407 

3027 

XL89-410 

LCP86-419 

CP80-329 

62 

XL89-411 

CP72-370 

LCP86-393 

938 

XL89-412 

CP70-330 

LCP86-450 

1251 

XL89-413 

CP79-332 

CP80-352 

3280 

XL89-414 

CP83-644 

CP74-383 

3663 

XL89-415 

CP83-644 

CP74-383 

2257 

XL89-416 

CP83-625 

CP62-258 

58 

XL89-417 

LCP81-005 

CP62-258 

1723 

XL89-418 

CP62-258 

LCP85-336 

4767 

XL89-419 

CP70-330 

LCP85-336 

497 

XL89-420 

CP62-258 

LCP85-336 

2420 

XL89-421 

CP70-330 

LCP85-336 

983 

XL89-422 

CP65-357 

CP75-330 

1178 

XL89-423 

CP65-357 

CP75-330 

1141 

XL89-424 

CP86-915 

CP75-330 

423 

XL89-425 

LCP86-419 

CP75-330 

0 

XL89-426 

CP74-383 

LCP86-457 

793 

XL89-427 

CP79-318 

LCP86-457 

2730 

XL89-428 

LCP81-030 

LCP86-457 

1699 

XL89-429 

LCP86-457 

SELF 

187 

XL89-430 

CP77-405 

89P2 

4067 

XL89-431 

CP72-1312 

89P2 

2556 

XL89-432 

CP8.1-2149 

89P2 

759 
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XL89-433 

CP80-352 

89P2 

2219 

XL89-434 

CP77-310 

89P2 

1110 

XL89-435 

B76-719 

89P2 

1086 

XL89-436 

L84-290 

89P2 

5188 

XL89-437 

LCP82-047 

89P2 

1310 

XL89-438 

LCP81-010 

89P2 

15365 

XL89-439 

CP65-357 

CP75-1082 

1164 

XL89-440 

CP70-330 

LCP86-420 

85 

XL89-441 

LCP81-005 

LCP86-420 

149 

XL89-442 

CP86-950 

CP80-323 

1254 

XL89-443 

CP75-361 

CP77-310 

680 

XL89-444 

US77-017 

CP77-310 

936 

XL89-445 

LCP86-456 

CP77-310 

943 

XL89-446 

CP85-859 

CP77-310 

64 

XL89-447 

CP61-037 

CP76-331 

371 

XL89-448 

LCP82-033 

CP78-317 

55 

XL89-449 

LCP82-033 

CP78-317 

756 

XL89-450 

US74-090 

CP78-317 

862 

XL89-451 

CP70-321 

CP62-258 

266 

XL89-452 

CP77-405 

CP76-331 

1432 

XL89-453 

LCP81-030 

CP72-355 

1852 

XL89-454 

CP82-559 

CP72-355 

790 

XL89-455 

CP82-559 

CP72-355 

871 

XL89-456 

CP72-1312 

CP74-383 

3469 

XL89-457 

CP72-1312 

CP74-383 

2257 

XL89-458 

CP80-352 

CP74-383 

2407 

XL89-459 

CP80-352 

CP74-383 

1968 

XL89-460 

LCP86-422 

CP80-313 

1618 

XL89-461 

CP86-901 

CP77-310 

645 

XL89-462 

CP79-348 

CP80-323 

4048 

XL89-463 

CP70-330 

LCP85-336 

1092 

XL89-464 

CP70-330 

LCP85-336 

1128 

XL89-465 

CP79-332 

LCP85-336 

1310 

XL89-466 

US77-017 

LCP85-336 

2766 

XL89-467 

LCP86-453 

CP80-329 

1817 

XL89-468 

CP61-037 

CP80-356 

32 

XL89-469 

CP75-361 

CP83-644 

1805 

XL89-470 

CP75-361 

CP83-644 

2024 

XL89-471 

CP74-383 

CP83-644 

1099 

XL89-472 

CP70-330 

L84-290 

620 

XL89-473 

CP65-357 

CP80-352 

1562 

XL89-474 

LCP86-419 

CP80-352 

8 

XL89-475 

LCP86-422 

CP77-407 

1827 

XL89-476 

LCP86-422 

CP77-407 

2346 

XL89-477 

LCP86-422 

CP77-407 

2304 

XL89-478 

CP72-355 

SELF 

912 

XL89-479 

CP80-352 

SELF 

70 

XL89-480 

CP80-356 

SELF 

414 

XL89-481 

CP72-370 

L75-002 

0 

XL89-482 

CP73-345 

LCP81-030 

2112 

XL89-483 

CP73-345 

LCP81-030 

1458 

XL89-484 

CP80-313 

LCP81-030 

1101 

XL89-485 

CP80-329 

LCP81-030 

736 

XL89-486 

CP80-329 

LCP81-030 

454 

XL89-487 

LCP86-422 

CP77-407 

1619 

XL89-488 

CP79-318 

CP70-321 

427 

XL89-489 

CP86-946 

CP70-321 

11 

XL89-490 

LCP86-412 

CP70-321 

45 

XL89-491 

LCP82-033 

CP70-321 

221 

XL89-492 

CP74-383 

LCP85-336 

946 

XL89-493 

CP74-383 

LCP85-336 

570 

XL89-494 

CP74-383 

LCP85-336 

866 

XL89-495 

CP8 1-2062 

LCP85-336 

520 

XL89-496 

LCP86-426 

CP72-355 

80 

XL89-497 

LCP86-426 

CP72-355 

109 

XL89-498 

CP86-901 

CP72-355 

166 

XL89-499 

CP82-559 

CP72-355 

670 

XL89-500 

CP82-551 

CP77-310 

282 

XL89-501 

CP82-550 

CP77-310 

1532 

XL89-502 

CP79-348 

CP77-310 

551 

XL89-503 

CP72-1312 

CP80-323 

3097 

XL89-504 

CP83-644 

LCP86-393 

988 

Cross 


Female 


Male 


Seed 


XL89-505 

CP72-1312 

89P3 

1435 

XL89-506 

B76-719 

89P3 

454 

XL89-507 

CP73-343 

89P3 

1688 

XL89-508 

CP77-405 

89P3 

1622 

XL89-509 

CP70-321 

SELF 

4690 

XL89-510 

LCP86-393 

SELF 

4290 

XL89-511 

CP70-330 

CP76-331 

1389 

XL89-512 

CP61-037 

CP76-331 

1147 

XL89-513 

CP70-330 

CP79-318 

1136 

XL89-514 

CP70-330 

CP79-318 

600 

XL89-515 

CP70-330 

CP79-318 

653 

XL89-516 

CP79-318 

SELF 

317 

XL89-517 

CP72-370 

CP79-348 

1110 

XL89-518 

CP79-348 

SELF 

1562 

XL89-519 

CP82-551 

LCP85-336 

672 

XL89-520 

CP82-551 

LCP85-336 

581 

XL89-521 

CP65-357 

LCP81-030 

573 

XL89-522 

LCP81-005 

LCP81-030 

475 

XL89-523 

CP70-321 

CP79-318 

333 

XL89-524 

CP61-037 

CP73-351 

42 

XL89-525 

CP73-351 

SELF 

15 

XL89-526 

L75-002 

CP77-310 

1335 

XL89-527 

L75-002 

CP77-310 

595 

XL89-528 

CP82-551 

CP85-861 

335 

XL89-529 

CP85-861 

SELF 

464 

XL89-530 

CP72-356 

CP77-407 

566 

XL89-531 

CP74-383 

B76-719 

197 

XL89-532 

B76-719 

SELF 

30 

XL89-533 

LCP81-030 

LCP82-089 

562 

XL89-534 

LCP81-030 

LCP82-089 

1344 

XL89-535 

CP86-915 

CP72-355 

23 

XL89-536 

LCP86-457 

CP72-355 

43 

XL89-537 

US77-017 

CP62-258 

1255 

XL89-538 

LCP86-457 

CP75-361 

117 

XL89-539 

CP75-361 

SELF 

205 

XL89-540 

L84-290 

89P3 

583 

XL89-541 

CP80-352 

89P3 

1638 

XL89-542 

CP83-606 

89P3 

139 

XL89-543 

LCP81-005 

LCP82-089 

0 

XL89-544 

CP65-357 

LCP81-030 

697 

XL89-545 

CP70-330 

CP85-800 

672 

XL89-546 

CP85-800 

SELF 

89 

XL89-547 

CP80-313 

LCP85-384 

466 

XL89-548 

CP82-550 

CP86-969 

414 

XL89-549 

CP86-969 

SELF 

174 

XL89-550 

CP70-330 

CP86-929 

496 

XL89-551 

CP86-929 

SELF 

77 

XL89-552 

CP72-370 

LCP85-336 

0 

XL89-553 

LCP81-005 

CP75-361 

450 

XL89-554 

CP70-321 

CP73-351 

59 

XL89-555 

CP73-351 

SELF 

0 

XL89-556 

CP86-921 

CP80-323 

459 

XL89-557 

CP78-317 

LCP85-336 

1596 

XL89-558 

L84-290 

89P4 

1165 

XL89-559 

CP72-1312 

89P4 

848 

XL89-560 

US86-002 

89P4 

272 

XL89-561 

CP75-1082 

89P4 

2114 

XL89-562 

LCP85-307 

89P4 

275 

XL89-563 

LCP82-089 

89P4 

2125 

XL89-564 

CP79-348 

89P4 

350 

XL89-565 

CP79-318 

89P4 

520 
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Table  5.  1989  crossing  data  sorted  by  female  parent. 


Cross 

XL89-279 
XL89-282 
XL89-285 
XL89-377 
XL89-384 
XL89-435 
XL89-506 
XL89-532 
XL89-112 
XL89-114 
XL89-165 
XL89-221 
XL89-354 
XL89-447 
XL89-468 
XL89-512 
XL89-524 
XL89-229 
XL89-418 
XL89-420 
XL89-087 
XL89-089 
XL89-092 
XL89-095 
XL89-230 
XL89-234 
XL89-237 
XL89-257 
XL89-315 
XL89-320 
XL89-323 
XL89-422 
XL89-423 
XL89-439 
XL89-473 
XL89-521 
XL89-544 
XL89-451 
XL89-509 
XL89-523 
XL89-554 
XL89-032 
XL89-043 
XL89-046 
XL89-048 
XL89-065 
XL89-075 
XL89-105 
XL89-128 
XL89-157 
XL89-215 
XL89-219 
XL89-259 
XL89-274 
XL89-302 
XL89-327 
XL89-337 
XL89-340 
XL89-405 
XL89-412 
XL89-419 
XL89-421 
XL89-440 
XL89-463 
XL89-464 
XL89-472 
XL89-511 
XL89-513 
XL89-514 
XL89-515 
XL89-545 
XL89-550 


Female 

B70-734 

B70-734 

B70-734 

B70-734 

B70-734 

B76-719 

B76-719 

B76-719 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP61-037 

CP62-258 

CP62-258 

CP62-258 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP65-357 

CP70-321 

CP70-321 

CP70-321 

CP70-321 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 

CP70-330 


Male 

CP73-343 

CP73-343 

CP73-343 

CP73-343 

CP72-370 

89P2 

89P3 

SELF 

CP86-948 

CP76-331 

LCP85-376 

LCP85-376 

L75-002 

CP76-331 

CP80-356 

CP76-331 

CP73-351 

SELF 

LCP85-336 

LCP85-336 

L84-290 

LCP85-384 

LCP85-384 

LCP85-384 

LCP85-336 

LCP85-336 

LCP85-336 

CP83-644 

LCP81-010 

LCP81-030 

LCP81-030 

CP75-330 

CP75-330 

CP75-1082 

CP80-352 

LCP81-030 

LCP81-030 

CP62-258 

SELF 

CP79-318 

CP73-351 

CP72-370 

LCP85-384 

LCP85-384 

LCP85-384 

CP86-956 

CP72-370 

LCP85-384 

CP72-1312 

SELF 

CP83-644 

LCP85-376 

LCP81-026 

LCP81-030 

SELF 

CP86-917 

LCP85-341 

CP80-329 

CP83-644 

LCP86-450 

LCP85-336 

LCP85-336 

LCP86-420 

LCP85-336 

LCP85-336 

L84-290 

CP76-331 

CP79-318 

CP79-318 

CP79-318 

CP85-800 

CP86-929 


Seed 

310 

650 

1056 

870 

313 

1086 

454 

30 

0 

14 

0 

9 

146 

371 

32 

1147 

42 

112 

4767 

2420 

0 

9 

0 

0 

616 

1267 

1525 

260 

610 

940 

780 

1178 

1141 

1164 

1562 

573 

697 

266 

4690 

333 

59 

7 

9 

0 

25 

0 

0 

0 

0 

0 

11 

35 

19 

128 

0 

35 

54 

320 

756 

1251 

497 

983 

85 

1092 

1128 

620 

1389 

1136 

600 

653 

672 

496 


Cross 


Female 


Male 


Seed 


XL89-031 

CP72-1312 

SELF 

31 

XL89-241 

CP72-1312 

LCP85-336 

486 

XL89-402 

CP72-1312 

LCP82-047 

1577 

XL89-431 

CP72-1312 

89P2 

2556 

XL89-456 

CP72-1312 

CP74-383 

3469 

XL89-457 

CP72-1312 

CP74-383 

2257 

XL89-503 

CP72-1312 

CP80-323 

3097 

XL89-505 

CP72-1312 

89P3 

1435 

XL89-559 

CP72-1312 

89P4 

848 

XL89-177 

CP72-355 

SELF 

24 

XL89-357 

CP72-355 

CP77-310 

1496 

XL89-358 

CP72-355 

CP77-310 

1293 

XL89-407 

CP72-355 

LCP81-030 

1463 

XL89-409 

CP72-355 

CP77-407 

3027 

XL89-478 

CP72-355 

SELF 

912 

XL89-172 

CP72-356 

SELF 

0 

XL89-301 

CP72-356 

CP70-330 

149 

XL89-380 

CP72-356 

CP81-2149 

299 

XL89-530 

CP72-356 

CP77-407 

566 

XL89-029 

CP72-370 

SELF 

0 

XL89-164 

CP72-370 

LCP85-376 

0 

XL89-166 

CP72-370 

LCP85-376 

23 

XL89-224 

CP72-370 

CP62-258 

327 

XL89-227 

CP72-370 

CP62-258 

322 

XL89-328 

CP72-370 

CP86-917 

78 

XL89-356 

CP72-370 

L75-002 

503 

XL89-411 

CP72-370 

LCP86-393 

938 

XL89-481 

CP72-370 

L75-002 

0 

XL89-517 

CP72-370 

CP79-348 

1110 

XL89-552 

CP72-370 

LCP85-336 

0 

XL89-161 

CP73-343 

SELF 

83 

XL89-317 

CP73-343 

CP80-329 

36 

XL89-345 

CP73-343 

CP74-383 

0 

XL89-507 

CP73-343 

89P3 

1688 

XL89-091 

CP73-345 

LCP85-384 

0 

XL89-094 

CP73-345 

LCP85-384 

16 

XL89-097 

CP73-345 

LCP85-384 

0 

XL89-134 

CP73-345 

LCP86-450 

0 

XL89-145 

CP73-345 

LCP86-435 

108 

XL89-169 

CP73-345 

LCP85-376 

0 

XL89-225 

CP73-345 

CP62-258 

540 

XL89-228 

CP73-345 

CP62-258 

590 

XL89-264 

CP73-345 

CP77-407 

459 

XL89-267 

CP73-345 

CP77-407 

87 

XL89-307 

CP73-345 

LCP81-026 

30 

XL89-309 

CP73-345 

CP74-383 

280 

XL89-316 

CP73-345 

LCP81-010 

172 

XL89-367 

CP73-345 

US77-017 

576 

XL89-408 

CP73-345 

CP77-407 

662 

XL89-482 

CP73-345 

LCP81-030 

2112 

XL89-483 

CP73-345 

LCP81-030 

1458 

XL89-525 

CP73-351 

SELF 

15 

XL89-555 

CP73-351 

SELF 

0 

XL89-018 

CP74-383 

CP85-830 

30 

XL89-020 

CP74-383 

LCP86-420 

18 

XL89-030 

CP74-383 

CP72-1312 

0 

XL89-040 

CP74-383 

CP75-1082 

346 

XL89-054 

CP74-383 

CP77-310 

0 

XL89-056 

CP74-383 

CP77-310 

32 

XL89-061 

CP74-383 

LCP85-384 

91 

XL89-079 

CP74-383 

LCP85-376 

6 

XL89-082 

CP74-383 

LCP85-376 

0 

XL89-085 

CP74-383 

L84-290 

0 

XL89-086 

CP74-383 

L84-290 

8 

XL89-258 

CP74-383 

CP83-644 

84 

XL89-261 

CP74-383 

CP75-330 

118 

XL89-273 

CP74-383 

LCP81-030 

475 

XL89-308 

CP74-383 

LCP81-026 

104 

XL89-318 

CP74-383 

SELF 

15 

XL89-326 

CP74-383 

LCP81-030 

414 

XL89-381 

CP74-383 

CP81-2149 

101 

XL89-404 

CP74-383 

CP72-1312 

271 
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110 


Cross 


Female 


Hale 


Seed 


XL89-426 

CP74-383 

LCP86-457 

793 

XL89-471 

CP74-383 

CP83-644 

1099 

XL89-492 

CP74-383 

LCP85-336 

946 

XL89-493 

CP74-383 

LCP85-336 

570 

XL89-494 

CP74-383 

LCP85-336 

866 

XL89-531 

CP74-383 

B76-719 

197 

XL89-041 

CP75-1082 

SELF 

140 

XL89-195 

CP75-1082 

CP80-313 

690 

XL89-561 

CP75-1082 

89P4 

2114 

XL89-039 

CP75-330 

CP75-1082 

814 

XL89-H3 

CP75-330 

SELF 

9 

XL89-042 

CP75-361 

LCP85-384 

99 

XL89-045 

CP75-361 

LCP85-384 

260 

XL89-047 

CP75-361 

LCP85-384 

269 

XL89-062 

CP75-361 

LCP82-033 

0 

XL89-068 

CP75-361 

US80-004 

196 

XL89-110 

CP75-361 

CP85-845 

19 

XL89-149 

CP75-361 

CP81-1435 

0 

XL89-153 

CP75-361 

LCP86-420 

10 

XL89-204 

CP75-361 

CP86-917 

148 

XL89-249 

CP75-361 

CP73-343 

1067 

XL89-278 

CP75-361 

CP73-343 

1205 

XL89-281 

CP75-361 

CP73-343 

387 

XL89-284 

CP75-361 

CP73-343 

1736 

XL89-333 

CP75-361 

CP75-330 

138 

XL89-359 

CP75-361 

CP77-310 

445 

XL89-360 

CP75-361 

CP77-310 

1570 

XL89-443 

CP75-361 

CP77-310 

680 

XL89-469 

CP75-361 

CP83-644 

1805 

XL89-470 

CP75-361 

CP83-644 

2024 

XL89-539 

CP75-361 

SELF 

205 

XL89-117 

CP76-331 

SELF 

29 

XL89-034 

CP77-310 

SELF 

9 

XL89-304 

CP77-310 

CP70-330 

808 

XL89-306 

CP77-310 

LCP81-026 

350 

XL89-313 

CP77-310 

LCP81-010 

1050 

XL89-338 

CP77-310 

LCP85-341 

684 

XL89-406 

CP77-310 

LCP81-030 

1781 

XL89-434 

CP77-310 

89P2 

1110 

XL89-191 

CP77-405 

CP76-331 

592 

XL89-292 

CP77-405 

CP80-323 

1312 

XL89-379 

CP77-405 

CP81-2149 

882 

XL89-388 

CP77-405 

SELF 

1806 

XL89-430 

CP77-405 

89P2 

4067 

XL89-452 

CP77-405 

CP76-331 

1432 

XL89-508 

CP77-405 

89P3 

1622 

XL89-025 

CP77-407 

SELF 

0 

XL89-197 

CP77-407 

CP77-310 

72 

XL89-373 

CP77-407 

CP72-1312 

766 

XL89-010 

CP78-317 

CP82-550 

33 

XL89-011 

CP78-317 

CP85-830 

0 

XL89-012 

CP78-317 

CP86-924 

173 

XL89-013 

CP78-317 

CP82-550 

0 

XL89-014 

CP78-317 

CP82-550 

24 

XL89-049 

CP78-317 

CP81-1425 

297 

XL89-069 

CP78-317 

US80-004 

0 

XL89-103 

CP78-317 

CP72-1312 

10 

XL89-144 

CP78-317 

SELF 

19 

XL89-386 

CP78-317 

SELF 

22 

XL89-557 

CP78-317 

LCP85-336 

1596 

XL89-136 

CP79-318 

LCP82-089 

223 

XL89-167 

CP79-318 

LCP85-376 

0 

XL89-174 

CP79-318 

CP72-355 

10 

XL89-179 

CP79-318 

CP72-355 

0 

XL89-183 

CP79-318 

CP72-355 

13 

XL89-187 

CP79-318 

CP72-1312 

15 

XL89-190 

CP79-318 

CP72-1312 

28 

XL89-202 

CP79-318 

LCP86-435 

0 

XL89-203 

CP79-318 

CP86-917 

30 

XL89-231 

CP79-318 

LCP85-336 

351 

XL89-235 

CP79-318 

LCP85-336 

947 

XL89-238 

CP79-318 

LCP85-336 

830 

Cross 


Female 


Male 


Seed 


XL89-314 

CP79-318 

LCP81-010 

1492 

XL89-397 

CP79-318 

CP73-343 

2300 

XL89-399 

CP79-318 

CP73-343 

3578 

XL89-427 

CP79-318 

LCP86-457 

2730 

XL89-488 

CP79-318 

CP70-321 

427 

XL89-516 

CP79-318 

SELF 

317 

XL89-565 

CP79-318 

89P4 

520 

XL89-118 

CP79-332 

LCP81-010 

0 

XL89-133 

CP79-332 

LCP86-450 

9 

XL89-168 

CP79-332 

LCP85-376 

0 

XL89-209 

CP79-332 

LCP82-089 

661 

XL89-335 

CP79-332 

CP75-1082 

2279 

XL89-378 

CP79-332 

LCP86-395 

488 

XL89-413 

CP79-332 

CP80-352 

3280 

XL89-465 

CP79-332 

LCP85-336 

1310 

XL89-099 

CP79-348 

CP72-370 

0 

XL89-232 

CP79-348 

LCP85-336 

409 

XL89-236 

CP79-348 

LCP85-336 

793 

XL89-239 

CP79-348 

LCP85-336 

764 

XL89-299 

CP79-348 

CP70-330 

394 

XL89-462 

CP79-348 

CP80-323 

4048 

XL89-502 

CP79-348 

CP77-310 

551 

XL89-518 

CP79-348 

SELF 

1562 

XL89-564 

CP79-348 

89P4 

350 

XL89-484 

CP80-313 

LCP81-030 

1101 

XL89-547 

CP80-313 

LCP85-384 

466 

XL89-074 

CP80-323 

SELF 

0 

XL89-266 

CP80-323 

CP77-407 

882 

XL89-269 

CP80-323 

CP77-407 

909 

XL89-288 

CP80-323 

LCP85-336 

342 

XL89-290 

CP80-323 

LCP85-336 

1509 

XL89-322 

CP80-323 

LCP81-030 

80 

XL89-324 

CP80-323 

LCP81-030 

95 

XL89-319 

CP80-329 

SELF 

59 

XL89-485 

CP80-329 

LCP81-030 

736 

XL89-486 

CP80-329 

LCP81-030 

454 

XL89-090 

CP80-352 

LCP85-384 

0 

XL89-093 

CP80-352 

LCP85-384 

10 

XL89-096 

CP80-352 

LCP85-384 

0 

XL89-109 

CP80-352 

CP85-845 

0 

XL89-146 

CP80-352 

LCP86-435 

537 

XL89-175 

CP80-352 

CP72-355 

282 

XL89-180 

CP80-352 

CP72-355 

25 

XL89-184 

CP80-352 

CP72-355 

102 

XL89-188 

CP80-352 

CP72-1312 

286 

XL89-339 

CP80-352 

LCP85-341 

643 

XL89-401 

CP80-352 

LCP82-047 

0 

XL89-403 

CP80-352 

LCP82-047 

2123 

XL89-433 

CP80-352 

89P2 

2219 

XL89-458 

CP80-352 

CP74-383 

2407 

XL89-459 

CP80-352 

CP74-383 

1968 

XL89-479 

CP80-352 

SELF 

70 

XL89-541 

CP80-352 

89P3 

1638 

XL89-480 

CP80-356 

SELF 

414 

XL89-253 

CP81-1302 

SELF 

1153 

XL89-050 

CP81-1425 

SELF 

0 

XL89-150 

CP81-1435 

SELF 

0 

XL89-495 

CP81-2062 

LCP85-336 

520 

XL89-391 

CP81-2149 

SELF 

24 

XL89-432 

CP81-2149 

89P2 

759 

XL89-159 

CP82-513 

CP73-343 

50 

XL89-365 

CP82-513 

LCP86-420 

15 

XL89-022 

CP82-550 

SELF 

0 

XL89-051 

CP82-550 

CP86-929 

154 

XL89-066 

CP82-550 

CP86-956 

0 

XL89-125 

CP82-550 

CP77-310 

0 

XL89-148 

CP82-550 

CP81-1435 

0 

XL89-200 

CP82-550 

LCP86-435 

0 

XL89-295 

CP82-550 

CP73-343 

1474 

XL89-350 

CP82-550 

CP78-317 

142 

XL89-353 

CP82-550 

CP78-317 

15 

XL89-501 

CP82-550 

CP77-310 

1532 
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Ill 


Cross 


Female 


Male 


Seed 


Cross 


Female 


XL89-548 

CP82-550 

CP86-969 

414 

XL89-500 

CP82-551 

CP77-310 

282 

XL89-519 

CP82-551 

LCP85-336 

672 

XL89-520 

CP82-551 

LCP85-336 

581 

XL89-528 

CP82-551 

CP85-861 

335 

XL89-246 

CP82-559 

CP75-330 

75 

XL89-300 

CP82-559 

CP70-330 

11 

XL89-454 

CP82-559 

CP72-355 

790 

XL89-455 

CP82-559 

CP72-355 

871 

XL89-4V9 

CP82-559 

CP72-355 

670 

XL89-058 

CP83-606 

CP72-1312 

0 

XL89-060 

CP83-606 

CP72-1312 

11 

XL89-098 

CP83-606 

CP72-370 

0 

XL89-129 

CP83-606 

LCP81-010 

0 

XL89-222 

CP83-606 

LCP85-376 

0 

XL89-252 

CP83-606 

CP81-1302 

43 

XL89-334 

CP83-606 

CP75-330 

0 

XL89-362 

CP83-606 

CP77-310 

16 

XL89-542 

CP83-606 

89P3 

139 

XL89-347 

CP83-625 

CP74-383 

0 

XL89-416 

CP83-625 

CP62-258 

58 

XL89-127 

CP83-644 

CP72-1312 

0 

XL89-218 

CP83-644 

SELF 

0 

XL89-414 

CP83-644 

CP74-383 

3663 

XL89-415 

CP83-644 

CP74-383 

2257 

XL89-504 

CP83-644 

LCP86-393 

988 

XL89-277 

CP85-800 

CP73-343 

103 

XL89-280 

CP85-800 

CP73-343 

145 

XL89-283 

CP85-800 

CP73-343 

196 

XL89-546 

CP85-800 

SELF 

89 

XL89-123 

CP85-803 

CP77-310 

0 

XL89-243 

CP85-803 

LCP82-047 

1807 

XL89-262 

CP85-803 

CP75-330 

250 

XL89-023 

CP85-830 

SELF 

11 

XL89-027 

CP85-830 

SELF 

0 

XL89-201 

CP85-830 

LCP86-435 

31 

XL89-111 

CP85-845 

SELF 

0 

XL89-193 

CP85-845 

CP76-331 

893 

XL89-255 

CP85-845 

LCP85-341 

832 

XL89-158 

CP85-859 

CP73-343 

10 

XL89-214 

CP85-859 

CP73-343 

18 

XL89-332 

CP85-859 

CP75-330 

19 

XL89-361 

CP85-859 

CP77-310 

94 

XL89-382 

CP85-859 

CP72-370 

37 

XL89-446 

CP85-859 

CP77-310 

64 

XL89-009 

CP85-860 

89P1 

2636 

XL89-007 

CP85-861 

89P1 

3427 

XL89-529 

CP85-861 

SELF 

464 

XL89-053 

CP85-866 

CP77-310 

216 

XL89-108 

CP85-866 

CP80-323 

0 

XL89-212 

CP85-866 

CP73-343 

2457 

XL89-461 

CP86-901 

CP77-310 

645 

XL89-498 

CP86-901 

CP72-355 

166 

XL89-055 

CP86-912 

CP77-310 

34 

XL89-392 

CP86-915 

CP73-343 

1306 

XL89-393 

CP86-915 

CP73-343 

1708 

XL89-394 

CP86-915 

CP73-343 

370 

XL89-424 

CP86-915 

CP75-330 

423 

XL89-535 

CP86-915 

CP72-355 

23 

XL89-005 

CP86-916 

89P1 

454 

XL89-021 

CP86-916 

CP72-370 

0 

XL89-139 

CP86-917 

LCP82-047 

955 

XL89-205 

CP86-917 

SELF 

18 

XL89-556 

CP86-921 

CP80-323 

459 

XL89-024 

CP86-924 

SELF 

9 

XL89-297 

CP86-927 

CP73-343 

902 

XL89-006 

CP86-929 

89P1 

1927 

XL89-052 

CP86-929 

SELF 

65 

XL89-551 

CP86-929 

SELF 

77 

XL89-342 

CP86-936 

CP80-329 

943 

XL89-371 

CP86-936 

CP70-330 

310 

XL89-331 

CP86-939 

CP72-370 

340 

Male 


Seed 


XL89-154 

CP86-941 

CP70-330 

245 

XL89-298 

CP86-946 

CP73-343 

410 

XL89-372 

CP86-946 

CP70-330 

62 

XL89-489 

CP86-946 

CP70-321 

11 

XL89-001 

CP86-947 

89P1 

1840 

XL89-113 

CP86-948 

SELF 

0 

XL89-442 

CP86-950 

CP80-323 

1254 

XL89-003 

CP86-956 

89P1 

86 

XL89-015 

CP86-956 

CP77-407 

35 

XL89-067 

CP86-956 

SELF 

0 

XL89-131 

CP86-956 

CP77-310 

0 

XL89-549 

CP86-969 

SELF 

174 

XL89-064 

CP86-974 

LCP82-033 

0 

XL89-107 

CP86-974 

CP80-323 

0 

XL89-142 

CP86-974 

CP75-330 

0 

XL89-245 

CP86-974 

CP81-1425 

24 

XL89-250 

CP86-974 

CP73-343 

264 

XL89-251 

CP86-974 

CP73-343 

216 

XL89-294 

CP86-974 

CP80-323 

72 

XL89-305 

CP86-974 

CP70-330 

22 

XL89-329 

L75-002 

CP86-917 

101 

XL89-341 

L75-002 

CP80-329 

94 

XL89-344 

L75-002 

LCP81-010 

507 

XL89-387 

L75-002 

SELF 

19 

XL89-526 

L75-002 

CP77-310 

1335 

XL89-527 

L75-002 

CP77-310 

595 

XL89-192 

L75-056 

CP76-331 

184 

XL89-217 

L75-056 

CP83-644 

0 

XL89-248 

L75-056 

CP75-330 

62 

XL89-343 

L75-056 

LCP81-010 

264 

XL89-088 

L84-290 

SELF 

12 

XL89-181 

L84-290 

CP72-355 

3 

XL89-198 

L84-290 

CP77-310 

312 

XL89-242 

L84-290 

LCP82-047 

2726 

XL89-260 

L84-290 

LCP81-026 

74 

XL89-366 

L84-290 

US77-017 

1332 

XL89-374 

L84-290 

CP83-644 

1452 

XL89-375 

L84-290 

CP83-644 

1073 

XL89-436 

L84-290 

89P2 

5188 

XL89-540 

L84-290 

89P3 

583 

XL89-558 

L84-290 

89P4 

1165 

XL89-223 

LCP81-005 

CP62-258 

911 

XL89-226 

LCP81-005 

CP62-258 

560 

XL89-321 

LCP81-005 

LCP81-030 

554 

XL89-355 

LCP81-005 

L75-002 

838 

XL89-417 

LCP81-005 

CP62-258 

1723 

XL89-441 

LCP81-005 

LCP86-420 

149 

XL89-522 

LCP81-005 

LCP81-030 

475 

XL89-543 

LCP81-005 

LCP82-089 

0 

XL89-553 

LCP81-005 

CP75-361 

450 

XL89-120 

LCP81-010 

SELF 

15 

XL89-270 

LCP81-010 

LCP82-089 

1728 

XL89-287 

LCP81-010 

LCP85-336 

2028 

XL89-336 

LCP81-010 

LCP85-341 

693 

XL89-438 

LCP81-010 

89P2 

15365 

XL89-038 

LCP81-026 

SELF 

0 

XL89-276 

LCP81-030 

SELF 

26 

XL89-428 

LCP81-030 

LCP86-457 

1699 

XL89-453 

LCP81-030 

CP72-355 

1852 

XL89-533 

LCP81-030 

LCP82-089 

562 

XL89-534 

LCP81-030 

LCP82-089 

1344 

XL89-063 

LCP82-033 

SELF 

0 

XL89-121 

LCP82-033 

CP80-313 

0 

XL89-173 

LCP82-033 

CP72-355 

33 

XL89-178 

LCP82-033 

CP72-355 

10 

XL89-182 

LCP82-033 

CP72-355 

130 

XL89-325 

LCP82-033 

LCP81-030 

303 

XL89-349 

LCP82-033 

CP78-317 

20 

XL89-351 

LCP82-033 

CP78-317 

0 

XL89-383 

LCP82-033 

CP72-370 

209 

XL89-398 

LCP82-033 

CP73-343 

732 

XL89-400 

LCP82-033 

CP73-343 

880 

Table  5.  Continued. 


112 


Cross 


Female 


Male 


Seed 


XL89-448 

LCP82-033 

CP78-317 

55 

XL89-449 

LCP82-033 

CP78-317 

756 

XL89-491 

LCP82-033 

CP70-321 

221 

XL89-141 

LCP82-047 

SELF 

33 

XL89-437 

LCP82-047 

89P2 

1310 

XL89-137 

LCP82-089 

SELF 

158 

XL89-563 

LCP82-089 

89P4 

2125 

XL89-138 

LCP85-307 

LCP82-047 

213 

XL89-140 

LCP85-307 

LCP82-047 

184 

XL89-240 

LCP85-307 

LCP85-336 

866 

XL89-385 

LCP85-307 

CP74-383 

50 

XL89-562 

LCP85-307 

89P4 

275 

XL89-233 

LCP85-336 

SELF 

370 

XL89-220 

LCP85-341 

LCP85-376 

216 

XL89-256 

LCP85-341 

SELF 

129 

XL89-036 

LCP85-376 

LCP81-026 

24 

XL89-037 

LCP85-376 

LCP81-026 

24 

XL89-083 

LCP85-376 

SELF 

0 

XL89-130 

LCP85-376 

LCP81-010 

0 

XL89-156 

LCP85-376 

CP70-330 

51 

XL89-016 

LCP85-384 

US80-004 

30 

XL89-044 

LCP85-384 

SELF 

16 

XL89-132 

LCP85-384 

CP77-310 

42 

XL89-151 

LCP85-384 

CP75-1082 

1782 

XL89-176 

LCP85-384 

CP72-355 

0 

XL89-194 

LCP85-384 

CP76-331 

888 

XL89-206 

LCP85-384 

CP86-924 

972 

XL89-216 

LCP85-384 

CP83-644 

125 

XL89-254 

LCP85-384 

LCP85-341 

1095 

XL89-271 

LCP85-384 

LCP82-089 

1421 

XL89-275 

LCP85-384 

LCP81-030 

1252 

XL89-293 

LCP85-384 

CP80-323 

858 

XL89-303 

LCP85-384 

CP70-330 

108 

XL89-152 

LCP85-395 

LCP86-420 

0 

XL89-330 

LCP86-393 

CP72-370 

578 

XL89-376 

LCP86-393 

CP73-343 

1474 

XL89-510 

LCP86-393 

SELF 

4290 

XL89-017 

LCP86-395 

US80-004 

15 

XL89-019 

LCP86-395 

CP85-830 

0 

XL89-033 

LCP86-395 

CP77-310 

10 

XL89-035 

LCP86-395 

CP77-310 

16 

XL89-072 

LCP86-395 

CP80-323 

0 

XL89-104 

LCP86-395 

CP72-1312 

0 

XL89-106 

LCP86-395 

LCP85-384 

0 

XL89-119 

LCP86-395 

LCP81-010 

0 

XL89-124 

LCP86-395 

CP77-310 

0 

XL89-171 

LCP86-395 

CP72-356 

0 

XL89-199 

LCP86-395 

CP81-1435 

33 

XL89-207 

LCP86-395 

CP86-924 

0 

XL89-247 

LCP86-395 

CP75-330 

163 

XL89-272 

LCP86-395 

LCP82-089 

235 

XL89-296 

LCP86-395 

CP73-343 

244 

XL89-390 

LCP86-395 

SELF 

16 

XL89-004 

LCP86-412 

89P1 

169 

XL89-211 

LCP86-412 

CP73-343 

446 

XL89-213 

LCP86-412 

CP73-343 

374 

XL89-490 

LCP86-412 

CP70-321 

45 

XL89-410 

LCP86-419 

CP80-329 

62 

XL89-425 

LCP86-419 

CP75-330 

0 

XL89-474 

LCP86-419 

CP80-352 

8 

XL89-008 

LCP86-420 

89P1 

24 

XL89-028 

LCP86-420 

SELF 

0 

XL89-263 

LCP86-420 

CP75-330 

0 

XL89-265 

LCP86-420 

CP77-407 

45 

XL89-268 

LCP86-420 

CP77-407 

6 

XL89-460 

LCP86-422 

CP80-313 

1618 

XL89-475 

LCP86-422 

CP77-407 

1827 

XL89-476 

LCP86-422 

CP77-407 

2346 

XL89-477 

LCP86-422 

CP77-407 

2304 

XL89-487 

LCP86-422 

CP77-407 

1619 

XL89-363 

LCP86-426 

CP77-405 

24 

XL89-395 

LCP86-426 

CP73-343 

58 

Cross 


Female 


Male 


Seed 


XL89-396 

LCP86-426 

CP73-343 

110 

XL89-496 

LCP86-426 

CP72-355 

80 

XL89-497 

LCP86-426 

CP72-355 

109 

XL89-115 

LCP86-429 

CP76-331 

0 

XL89-185 

LCP86-429 

CP72-355 

0 

XL89-196 

LCP86-429 

CP80-313 

508 

XL89-147 

LCP86-435 

SELF 

88 

XL89-057 

LCP86-450 

CP72-1312 

17 

XL89-135 

LCP86-450 

SELF 

13 

XL89-210 

LCP86-450 

LCP82-089 

1110 

XL89-071 

LCP86-453 

LCP81-026 

0 

XL89-116 

LCP86-453 

CP76-331 

14 

XL89-346 

LCP86-453 

CP74-383 

874 

XL89-364 

LCP86-453 

CP77-405 

345 

XL89-369 

LCP86-453 

CP70-330 

0 

XL89-467 

LCP86-453 

CP80-329 

1817 

XL89-070 

LCP86-454 

LCP81-026 

73 

XL89-076 

LCP86-454 

CP72-370 

18 

XL89-077 

LCP86-454 

LCP85-376 

0 

XL89-078 

LCP86-454 

LCP85-376 

0 

XL89-080 

LCP86-454 

LCP85-376 

0 

XL89-081 

LCP86-454 

LCP85-376 

15 

XL89-084 

LCP86-454 

L84-290 

0 

XL89-162 

LCP86-454 

CP76-331 

190 

XL89-163 

LCP86-454 

CP76-331 

13 

XL89-170 

LCP86-454 

CP72-356 

0 

XL89-208 

LCP86-454 

LCP82-089 

718 

XL89-312 

LCP86-454 

CP74-383 

91 

XL89-370 

LCP86-454 

CP70-330 

46 

XL89-155 

LCP86-456 

CP70-330 

42 

XL89-291 

LCP86-456 

CP75-1082 

2448 

XL89-310 

LCP86-456 

CP74-383 

64 

XL89-311 

LCP86-456 

CP74-383 

91 

XL89-445 

LCP86-456 

CP77-310 

943 

XL89-429 

LCP86-457 

SELF 

187 

XL89-536 

LCP86-457 

CP72-355 

43 

XL89-538 

LCP86-457 

CP75-361 

117 

XL89-073 

LCP86-948 

CP80-323 

0 

XL89-102 

LCP86-453 

CP72-370 

0 

XL89-100 

US74-090 

CP72-370 

29 

XL89-122 

US74-090 

CP77-310 

0 

XL89-348 

US74-090 

CP78-317 

211 

XL89-352 

US74-090 

CP78-317 

244 

XL89-450 

US74-090 

CP78-317 

862 

XL89-059 

US77-017 

CP72-1312 

42 

XL89-186 

US77-017 

CP72-1312 

34 

XL89-189 

US77-017 

CP72-1312 

101 

XL89-244 

US77-017 

LCP82-047 

1849 

XL89-286 

US77-017 

LCP85-336 

1420 

XL89-289 

US77-017 

LCP85-336 

269 

XL89-389 

US77-017 

SELF 

370 

XL89-444 

US77-017 

CP77-310 

936 

XL89-466 

US77-017 

LCP85-336 

2766 

XL89-537 

US77-017 

CP62-258 

1255 

XL89-002 

US78-026 

89P1 

1270 

XL89-026 

US80-004 

SELF 

28 

XL89-368 

US80-004 

CP70-330 

1351 

XL89-101 

US86-002 

CP72-370 

0 

XL89-126 

US86-002 

CP77-310 

16 

XL89-160 

US86-002 

CP73-343 

316 

XL89-560 

US86-002 

89P4 

272 

113 


Table  6.  1989  crossing  data  sorted  by  male  parent. 


Cross 


Female 


Male 


Seed 


Cross 


Female 


Male 


Seed 


XL89-001 

CP86-947 

89P1 

1840 

XL89-002 

US78-026 

89P1 

1270 

XL89-003 

CP86-956 

89P1 

86 

XL89-004 

LCP86-412 

89P1 

169 

XL89-005 

CP86-916 

89P1 

454 

XL89-006 

CP86-929 

89P1 

1927 

XL89-007 

CP85-861 

89P1 

3427 

XL89-008 

LCP86-420 

89P1 

24 

XL89-009 

CP85-860 

89P1 

2636 

XL89-430 

CP77-405 

89P2 

4067 

XL89-431 

CP72-1312 

89P2 

2556 

XL89-432 

CP81-2149 

89P2 

759 

XL89-433 

CP80-352 

89P2 

2219 

XL89-434 

CP77-310 

89P2 

1110 

XL89-435 

B76-719 

89P2 

1086 

XL89-436 

L84-290 

89P2 

5188 

XL89-437 

LCP82-047 

89P2 

1310 

XL89-438 

LCP81-010 

89P2 

15365 

XL89-505 

CP72-1312 

89P3 

1435 

XL89-506 

B76-719 

89P3 

454 

XL89-507 

CP73-343 

89P3 

1688 

XL89-508 

CP77-405 

89P3 

1622 

XL89-540 

L84-290 

89P3 

583 

XL89-541 

CP80-352 

89P3 

1638 

XL89-542 

CP83-606 

89P3 

139 

XL89-558 

L84-290 

89P4 

1165 

XL89-559 

CP72-1312 

89P4 

848 

XL89-560 

US86-002 

89P4 

272 

XL89-561 

CP75-1082 

89P4 

2114 

XL89-562 

LCP85-307 

89P4 

275 

XL89-563 

LCP82-089 

89P4 

2125 

XL89-564 

CP79-348 

89P4 

350 

XL89-565 

CP79-318 

89P4 

520 

XL89-531 

CP74-383 

B76-719 

197 

XL89-223 

LCP81-005 

CP62- 

258 

911 

XL89-224 

CP72-370 

CP62- 

258 

327 

XL89-225 

CP73-345 

CP62- 

258 

540 

XL89-226 

LCP81-005 

CP62- 

258 

560 

XL89-227 

CP72-370 

CP62- 

258 

322 

XL89-228 

CP73-345 

CP62- 

258 

590 

XL89-416 

CP83-625 

CP62- 

258 

58 

XL89-417 

LCP81-005 

CP62- 

258 

1723 

XL89-451 

CP70-321 

CP62- 

258 

266 

XL89-537 

US77-017 

CP62- 

258 

1255 

XL89-488 

CP79-318 

CP70-321 

427 

XL89-489 

CP86-946 

CP70-321 

11 

XL89-490 

LCP86-412 

CP70- 

321 

45 

XL89-491 

LCP82-033 

CP70-321 

221 

XL89-154 

CP86-941 

CP70- 

330 

245 

XL89-155 

LCP86-456 

CP70-330 

42 

XL89-156 

LCP85-376 

CP70-330 

51 

XL89-299 

CP79-348 

CP70-330 

394 

XL89-300 

CP82-559 

CP70-330 

11 

XL89-301 

CP72-356 

CP70- 

330 

149 

XL89-303 

LCP85-384 

CP70-330 

108 

XL89-304 

CP77-310 

CP70-330 

808 

XL89-305 

CP86-974 

CP70-330 

22 

XL89-368 

US80-004 

CP70- 

330 

1351 

XL89-369 

LCP86-453 

CP70-330 

0 

XL89-370 

LCP86-454 

CP70-330 

46 

XL89-371 

CP86-936 

CP70-330 

310 

XL89-372 

CP86-946 

CP70-330 

62 

XL89-030 

CP74-383 

CP72- 

1312 

0 

XL89-057 

LCP86-450 

CP72- 

1312 

17 

XL89-058 

CP83-606 

CP72- 

1312 

0 

XL89-059 

US77-017 

CP72- 

1312 

42 

XL89-060 

CP83-606 

CP72- 

1312 

11 

XL89-103 

CP78-317 

CP72- 

1312 

10 

XL89-104 

LCP86-395 

CP72- 

1312 

0 

XL89-127 

CP83-644 

CP72- 

1312 

0 

XL89-128 

CP70-330 

CP72- 

1312 

0 

XL89-186 

US77-017 

CP72- 

1312 

34 

XL89-187 

CP79-318 

CP72-1312 

15 

XL89-188 

CP80-352 

CP72-1312 

286 

XL89-189 

US77-017 

CP72-1312 

101 

XL89-190 

CP79-318 

CP72-1312 

28 

XL89-373 

CP77-407 

CP72-1312 

766 

XL89-404 

CP74-383 

CP72-1312 

271 

XL89-173 

LCP82-033 

CP72-355 

33 

XL89-174 

CP79-318 

CP72-355 

10 

XL89-175 

CP80-352 

CP72-355 

282 

XL89-176 

LCP85-384 

CP72-355 

0 

XL89-178 

LCP82-033 

CP72-355 

10 

XL89-179 

CP79-318 

CP72-355 

0 

XL89-180 

CP80-352 

CP72-355 

25 

XL89-181 

L84-290 

CP72-355 

3 

XL89-182 

LCP82-033 

CP72-355 

130 

XL89-183 

CP79-318 

CP72-355 

13 

XL89-184 

CP80-352 

CP72-355 

102 

XL89-185 

LCP86-429 

CP72-355 

0 

XL89-453 

LCP81-030 

CP72-355 

1852 

XL89-454 

CP82-559 

CP72-355 

790 

XL89-455 

CP82-559 

CP72-355 

871 

XL89-496 

LCP86-426 

CP72-355 

80 

XL89-497 

LCP86-426 

CP72-355 

109 

XL89-498 

CP86-901 

CP72-355 

166 

XL89-499 

CP82-559 

CP72-355 

670 

XL89-535 

CP86-915 

CP72-355 

23 

XL89-536 

LCP86-457 

CP72-355 

43 

XL89-170 

LCP86-454 

CP72-356 

0 

XL89-171 

LCP86-395 

CP72-356 

0 

XL89-021 

CP86-916 

CP72-370 

0 

XL89-032 

CP70-330 

CP72-370 

7 

XL89-075 

CP70-330 

CP72-370 

0 

XL89-076 

LCP86-454 

CP72-370 

18 

XL89-098 

CP83-606 

CP72-370 

0 

XL89-099 

CP79-348 

CP72-370 

0 

XL89-100 

US74-090 

CP72-370 

29 

XL89-101 

US86-002 

CP72-370 

0 

XL89-102 

LCXP86-453 

CP72-370 

0 

XL89-330 

LCP86-393 

CP72-370 

578 

XL89-331 

CP86-939 

CP72-370 

340 

XL89-382 

CP85-859 

CP72-370 

37 

XL89-383 

LCP82-033 

CP72-370 

209 

XL89-384 

B70-734 

CP72-370 

313 

XL89-158 

CP85-859 

CP73-343 

10 

XL89-159 

CP82-513 

CP73-343 

50 

XL89-160 

US86-002 

CP73-343 

316 

XL89-211 

LCP86-412 

CP73-343 

446 

XL89-212 

CP85-866 

CP73-343 

2457 

XL89-213 

LCP86-412 

CP73-343 

374 

XL89-214 

CP85-859 

CP73-343 

18 

XL89-249 

CP75-361 

CP73-343 

1067 

XL89-250 

CP86-974 

CP73-343 

264 

XL89-251 

CP86-974 

CP73-343 

216 

XL89-277 

CP85-800 

CP73-343 

103 

XL89-278 

CP75-361 

CP73-343 

1205 

XL89-279 

B70-734 

CP73-343 

310 

XL89-280 

CP85-800 

CP73-343 

145 

XL89-281 

CP75-361 

CP73-343 

387 

XL89-282 

B70-734 

CP73-343 

650 

XL89-283 

CP85-800 

CP73-343 

196 

XL89-284 

CP75-361 

CP73-343 

1736 

XL89-285 

B70-734 

CP73-343 

1056 

XL89-295 

CP82-550 

CP73-343 

1474 

XL89-296 

LCP86-395 

CP73-343 

244 

XL89-297 

CP86-927 

CP73-343 

902 

XL89-298 

CP86-946 

CP73-343 

410 

XL89-376 

LCP86-393 

CP73-343 

1474 

XL89-377 

B70-734 

CP73-343 

870 

XL89-392 

CP86-915 

CP73-343 

1306 

XL89-393 

CP86-915 

CP73-343 

1708 

XL89-394 

CP86-915 

CP73-343 

370 

XL89-395 

LCP86-426 

CP73-343 

58 
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114 


Cross 


Female 


Hale 


Seed 


XL89-396 

LCP86-426 

CP73-343 

110 

XL89-397 

CP79-318 

CP73-343 

2300 

XL89-398 

LCP82-033 

CP73-343 

732 

XL89-399 

CP79-318 

CP73-343 

3578 

XL89-400 

LCP82-033 

CP73-343 

880 

XL89-524 

CP61-037 

CP73-351 

42 

XL89-554 

CP70-321 

CP73-351 

59 

XL89-309 

CP73-345 

CP74-383 

280 

XL89-310 

LCP86-456 

CP74-383 

64 

XL89-311 

LCP86-456 

CP74-383 

91 

XL89-312 

LCP86-454 

CP74-383 

91 

XL89-345 

CP73-343 

CP74-383 

0 

XL89-346 

LCP86-453 

CP74-383 

874 

XL89-347 

CP83-625 

CP74-383 

0 

XL89-385 

LCP85-307 

CP74-383 

50 

XL89-414 

CP83-644 

CP74-383 

3663 

XL89-415 

CP83-644 

CP74-383 

2257 

XL89-456 

CP72-1312 

CP74-383 

3469 

XL89-457 

CP72-1312 

CP74-383 

2257 

XL89-458 

CP80-352 

CP74-383 

2407 

XL89-459 

CP80-352 

CP74-383 

1968 

XL89-039 

CP75-330 

CP75-1082 

814 

XL89-040 

CP74-383 

CP75-1082 

346 

XL89-151 

LCP85-384 

CP75-1082 

1782 

XL89-291 

LCP86-456 

CP75-1082 

2448 

XL89-335 

CP79-332 

CP75-1082 

2279 

XL89-439 

CP65-357 

CP75-1082 

1164 

XL89-142 

CP86-974 

CP75-330 

0 

XL89-246 

CP82-559 

CP75-330 

75 

XL89-247 

LCP86-395 

CP75-330 

163 

XL89-248 

L75-056 

CP75-330 

62 

XL89-261 

CP74-383 

CP75-330 

118 

XL89-262 

CP85-803 

CP75-330 

250 

XL89-263 

LCP86-420 

CP75-330 

0 

XL89-332 

CP85-859 

CP75-330 

19 

XL89-333 

CP75-361 

CP75-330 

138 

XL89-334 

CP83-606 

CP75-330 

0 

XL89-422 

CP65-357 

CP75-330 

1178 

XL89-423 

CP65-357 

CP75-330 

1141 

XL89-424 

CP86-915 

CP75-330 

423 

XL89-425 

LCP86-419 

CP75-330 

0 

XL89-538 

LCP86-457 

CP75-361 

117 

XL89-553 

LCP81-005 

CP75-361 

450 

XL89-114 

CP61-037 

CP76-331 

14 

XL89-115 

LCP86-429 

CP76-331 

0 

XL89-116 

LCP86-453 

CP76-331 

14 

XL89-162 

LCP86-454 

CP76-331 

190 

XL89-163 

LCP86-454 

CP76-331 

13 

XL89-191 

CP77-405 

CP76-331 

592 

XL89-192 

L75-056 

CP76-331 

184 

XL89-193 

CP85-845 

CP76-331 

893 

XL89-194 

LCP85-384 

CP76-331 

888 

XL89-447 

CP61-037 

CP76-331 

371 

XL89-452 

CP77-405 

CP76-331 

1432 

XL89-511 

CP70-330 

CP76-331 

1389 

XL89-512 

CP61-037 

CP76-331 

1147 

XL89-033 

LCP86-395 

CP77-310 

10 

XL89-035 

LCP86-395 

CP77-310 

16 

XL89-053 

CP85-866 

CP77-310 

216 

XL89-054 

CP74-383 

CP77-310 

0 

XL89-055 

CP86-912 

CP77-310 

34 

XL89-056 

CP74-383 

CP77-310 

32 

XL89-122 

US74-090 

CP77-310 

0 

XL89-123 

CP85-803 

CP77-310 

0 

XL89-124 

LCP86-395 

CP77-310 

0 

XL89-125 

CP82-550 

CP77-310 

0 

XL89-126 

US86-002 

CP77-310 

16 

XL89-131 

CP86-956 

CP77-310 

0 

XL89-132 

LCP85-384 

CP77-310 

42 

XL89-197 

CP77-407 

CP77-310 

72 

XL89-198 

L84-290 

CP77-310 

312 

XL89-357 

CP72-355 

CP77-310 

1496 

Cross 


Female 


Hale 


Seed 


XL89-358 

CP72-355 

CP77-310 

1293 

XL89-359 

CP75-361 

CP77-310 

445 

XL89-360 

CP75-361 

CP77-310 

1570 

XL89-361 

CP85-859 

CP77-310 

94 

XL89-362 

CP83-606 

CP77-310 

16 

XL89-443 

CP75-361 

CP77-310 

680 

XL89-444 

US77-017 

CP77-310 

936 

XL89-445 

LCP86-456 

CP77-310 

943 

XL89-446 

CP85-859 

CP77-310 

64 

XL89-461 

CP86-901 

CP77-310 

645 

XL89-500 

CP82-551 

CP77-310 

282 

XL89-501 

CP82-550 

CP77-310 

1532 

XL89-502 

CP79-348 

CP77-310 

551 

XL89-526 

L75-002 

CP77-310 

1335 

XL89-527 

L75-002 

CP77-310 

595 

XL89-363 

LCP86-426 

CP77-405 

24 

XL89-364 

LCP86-453 

CP77-405 

345 

XL89-015 

CP86-956 

CP77-407 

35 

XL89-264 

CP73-345 

CP77-407 

459 

XL89-265 

LCP86-420 

CP77-407 

45 

XL89-266 

CP80-323 

CP77-407 

882 

XL89-267 

CP73-345 

CP77-407 

87 

XL89-268 

LCP86-420 

CP77-407 

6 

XL89-269 

CP80-323 

CP77-407 

909 

XL89-408 

CP73-345 

CP77-407 

662 

XL89-409 

CP72-355 

CP77-407 

3027 

XL89-475 

LCP86-422 

CP77-407 

1827 

XL89-476 

LCP86-422 

CP77-407 

2346 

XL89-477 

LCP86-422 

CP77-407 

2304 

XL89-487 

LCP86-422 

CP77-407 

1619 

XL89-530 

CP72-356 

CP77-407 

566 

XL89-348 

US74-090 

CP78-317 

211 

XL89-349 

LCP82-033 

CP78-317 

20 

XL89-350 

CP82-550 

CP78-317 

142 

XL89-351 

LCP82-033 

CP78-317 

0 

XL89-352 

US74-090 

CP78-317 

244 

XL89-353 

CP82-550 

CP78-317 

15 

XL89-448 

LCP82-033 

CP78-317 

55 

XL89-449 

LCP82-033 

CP78-317 

756 

XL89-450 

US74-090 

CP78-317 

862 

XL89-513 

CP70-330 

CP79-318 

1136 

XL89-514 

CP70-330 

CP79-318 

600 

XL89-515 

CP70-330 

CP79-318 

653 

XL89-523 

CP70-321 

CP79-318 

333 

XL89-517 

CP72-370 

CP79-348 

1110 

XL89-121 

LCP82-033 

CP80-313 

0 

XL89-195 

CP75-1082 

CP80-313 

690 

XL89-196 

LCP86-429 

CP80-313 

508 

XL89-460 

LCP86-422 

CP80-313 

1618 

XL89-072 

LCP86-395 

CP80-323 

0 

XL89-073 

LCP86-948 

CP80-323 

0 

XL89-107 

CP86-974 

CP80-323 

0 

XL89-108 

CP85-866 

CP80-323 

0 

XL89-292 

CP77-405 

CP80-323 

1312 

XL89-293 

LCP85-384 

CP80-323 

858 

XL89-294 

CP86-974 

CP80-323 

72 

XL89-442 

CP86-950 

CP80-323 

1254 

XL89-462 

CP79-348 

CP80-323 

4048 

XL89-503 

CP72-1312 

CP80-323 

3097 

XL89-556 

CP86-921 

CP80-323 

459 

XL89-317 

CP73-343 

CP80-329 

36 

XL89-340 

CP70-330 

CP80-329 

320 

XL89-341 

L75-002 

CP80-329 

94 

XL89-342 

CP86-936 

CP80-329 

943 

XL89-410 

LCP86-419 

CP80-329 

62 

XL89-467 

LCP86-453 

CP80-329 

1817 

XL89-413 

CP79-332 

CP80-352 

3280 

XL89-473 

CP65-357 

CP80-352 

1562 

XL89-474 

LCP86-419 

CP80-352 

8 

XL89-468 

CP61-037 

CP80-356 

32 

XL89-252 

CP83-606 

CP81-1302 

43 

XL89-049 

CP78-317 

CP81-1425 

297 
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Cross 


Female 


Male 


XL89-245 

CP86-974 

CP81-1425 

24 

XL89-148 

CP82-550 

CP81-1435 

0 

XL89-K9 

CP75-361 

CP81-1435 

0 

XL89-199 

LCP86-395 

CP81-1435 

33 

XL89-379 

CP77-405 

CP81-2149 

882 

XL89-380 

CP72-356 

CP81-2K9 

299 

XL89-381 

CP74-383 

CP81-2149 

101 

XL89-010 

CP78-317 

CP82-550 

33 

XL89-013 

CP78-317 

CP82-550 

0 

XL89-0U 

CP78-317 

CP82-550 

24 

XL89-215 

CP70-330 

CP83-644 

11 

XL89-216 

LCP85-384 

CP83-644 

125 

XL89-217 

L75-056 

CP83-644 

0 

XL89-257 

CP65-357 

CP83-644 

260 

XL89-258 

CP74-383 

CP83-644 

84 

XL89-374 

L84-290 

CP83-644 

1452 

XL89-375 

L84-290 

CP83-644 

1073 

XL89-405 

CP70-330 

CP83-644 

756 

XL89-469 

CP75-361 

CP83-644 

1805 

XL89-470 

CP75-361 

CP83-644 

2024 

XL89-471 

CP74-383 

CP83-644 

1099 

XL89-545 

CP70-330 

CP85-800 

672 

XL89-011 

CP78-317 

CP85-830 

0 

XL89-018 

CP74-383 

CP85-830 

30 

XL89-019 

LCP86-395 

CP85-830 

0 

XL89-109 

CP80-352 

CP85-845 

0 

XL89-110 

CP75-361 

CP85-845 

19 

XL89-528 

CP82-551 

CP85-861 

335 

XL89-203 

CP79-318 

CP86-917 

30 

XL89-204 

CP75-361 

CP86-917 

148 

XL89-327 

CP70-330 

CP86-917 

35 

XL89-328 

CP72-370 

CP86-917 

78 

XL89-329 

L75-002 

CP86-917 

101 

XL89-012 

CP78-317 

CP86-924 

173 

XL89-206 

LCP85-384 

CP86-924 

972 

XL89-207 

LCP86-395 

CP86-924 

0 

XL89-051 

CP82-550 

CP86-929 

154 

XL89-550 

CP70-330 

CP86-929 

496 

XL89-112 

CP61-037 

CP86-948 

0 

XL89-065 

CP70-330 

CP86-956 

0 

XL89-066 

CP82-550 

CP86-956 

0 

XL89-548 

CP82-550 

CP86-969 

414 

XL89-354 

CP61-037 

L75-002 

146 

XL89-355 

LCP81-005 

L75-002 

838 

XL89-356 

CP72-370 

L75-002 

503 

XL89-481 

CP72-370 

L75-002 

0 

XL89-084 

LCP86-454 

L84-290 

0 

XL89-085 

CP74-383 

L84-290 

0 

XL89-086 

CP74-383 

L84-290 

8 

XL89-087 

CP65-357 

L84-290 

0 

XL89-472 

CP70-330 

L84-290 

620 

XL89-118 

CP79-332 

LCP81-010 

0 

XL89-119 

LCP86-395 

LCP81-010 

0 

XL89-129 

CP83-606 

LCP81-010 

0 

XL89-130 

LCP85-376 

LCP81-010 

0 

XL89-313 

CP77-310 

LCP81-010 

1050 

XL89-314 

CP79-318 

LCP81-010 

1492 

XL89-315 

CP65-357 

LCP81-010 

610 

XL89-316 

CP73-345 

LCP81-010 

172 

XL89-343 

L75-056 

LCP81-010 

264 

XL89-344 

L75-002 

LCP81-010 

507 

XL89-036 

LCP85-376 

LCP81-026 

24 

XL89-037 

LCP85-376 

LCP81-026 

24 

XL89-070 

LCP86-454 

LCP81-026 

73 

XL89-071 

LCP86-453 

LCP81-026 

0 

XL89-259 

CP70-330 

LCP81-026 

19 

XL89-260 

L84-290 

LCP81-026 

74 

XL89-306 

CP77-310 

LCP81-026 

350 

XL89-307 

CP73-345 

LCP81-026 

30 

XL89-308 

CP74-383 

LCP81-026 

104 

XL89-273 

CP74-383 

LCP81-030 

475 

XL89-274 

CP70-330 

LCP81-030 

128 

Seed 


XL89-275 

LCP85-384 

LCP81-030 

1252 

XL89-320 

CP65-357 

LCP81-030 

940 

XL89-321 

LCP81-005 

LCP81-030 

554 

XL89-322 

CP80-323 

LCP81-030 

80 

XL89-323 

CP65-357 

LCP81-030 

780 

XL89-324 

CP80-323 

LCP81-030 

95 

XL89-325 

LCP82-033 

LCP81-030 

303 

XL89-326 

CP74-383 

LCP81-030 

414 

XL89-406 

CP77-310 

LCP81-030 

1781 

XL89-407 

CP72-355 

LCP81-030 

1463 

XL89-482 

CP73-345 

LCP81-030 

2112 

XL89-483 

CP73-345 

LCP81-030 

1458 

XL89-484 

CP80-313 

LCP81-030 

1101 

XL89-485 

CP80-329 

LCP81-030 

736 

XL89-486 

CP80-329 

LCP81-030 

454 

XL89-521 

CP65-357 

LCP81-030 

573 

XL89-522 

LCP81-005 

LCP81-030 

475 

XL89-544 

CP65-357 

LCP81-030 

697 

XL89-062 

CP75-361 

LCP82-033 

0 

XL89-064 

CP86-974 

LCP82-033 

0 

XL89-138 

LCP85-307 

LCP82-047 

213 

XL89-139 

CP86-917 

LCP82-047 

955 

XL89-140 

LCP85-307 

LCP82-047 

184 

XL89-242 

L84-290 

LCP82-047 

2726 

XL89-243 

CP85-803 

LCP82-047 

1807 

XL89-244 

US77-017 

LCP82-047 

1849 

XL89-401 

CP80-352 

LCP82-047 

0 

XL89-402 

CP72-1312 

LCP82-047 

1577 

XL89-403 

CP80-352 

LCP82-047 

2123 

XL89-136 

CP79-318 

LCP82-089 

223 

XL89-208 

LCP86-454 

LCP82-089 

718 

XL89-209 

CP79-332 

LCP82-089 

661 

XL89-210 

LCP86-450 

LCP82-089 

1110 

XL89-270 

LCP81-010 

LCP82-089 

1728 

XL89-271 

LCP85-384 

LCP82-089 

1421 

XL89-272 

LCP86-395 

LCP82-089 

235 

XL89-533 

LCP81-030 

LCP82-089 

562 

XL89-534 

LCP81-030 

LCP82-089 

1344 

XL89-543 

LCP81-005 

LCP82-089 

0 

XL89-230 

CP65-357 

LCP85-336 

616 

XL89-231 

CP79-318 

LCP85-336 

351 

XL89-232 

CP79-348 

LCP85-336 

409 

XL89-234 

CP65-357 

LCP85-336 

1267 

XL89-235 

CP79-318 

LCP85-336 

947 

XL89-236 

CP79-348 

LCP85-336 

793 

XL89-237 

CP65-357 

LCP85-336 

1525 

XL89-238 

CP79-318 

LCP85-336 

830 

XL89-239 

CP79-348 

LCP85-336 

764 

XL89-240 

LCP85-307 

LCP85-336 

866 

XL89-241 

CP72-1312 

LCP85-336 

486 

XL89-286 

US77-017 

LCP85-336 

1420 

XL89-287 

LCP81-010 

LCP85-336 

2028 

XL89-288 

CP80-323 

LCP85-336 

342 

XL89-289 

US77-017 

LCP85-336 

269 

XL89-290 

CP80-323 

LCP85-336 

1509 

XL89-418 

CP62-258 

LCP85-336 

4767 

XL89-419 

CP70-330 

LCP85-336 

497 

XL89-420 

CP62-258 

LCP85-336 

2420 

XL89-421 

CP70-330 

LCP85-336 

983 

XL89-463 

CP70-330 

LCP85-336 

1092 

XL89-464 

CP70-330 

LCP85-336 

1128 

XL89-465 

CP79-332 

LCP85-336 

1310 

XL89-466 

US77-017 

LCP85-336 

2766 

XL89-492 

CP74-383 

LCP85-336 

946 

XL89-493 

CP74-383 

LCP85-336 

570 

XL89-494 

CP74-383 

LCP85-336 

866 

XL89-495 

CP81-2062 

LCP85-336 

520 

XL89-519 

CP82-551 

LCP85-336 

672 

XL89-520 

CP82-551 

LCP85-336 

581 

XL89-552 

CP72-370 

LCP85-336 

0 

XL89-557 

CP78-317 

LCP85-336 

1596 

XL89-254 

LCP85-384 

LCP85-341 

1095 
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XL89-255 

CP85-845 

LCP85-341 

832 

XL89-336 

LCP81-010 

LCP85-341 

693 

XL89-337 

CP70-330 

LCP85-341 

54 

XL89-338 

CP77-310 

LCP85-341 

684 

XL89-339 

CP80-352 

LCP85-341 

643 

XL89-077 

LCP86-454 

LCP85-376 

0 

XL89-078 

LCP86-454 

LCP85-376 

0 

XL89-079 

CP74-383 

LCP85-376 

6 

XL89-080 

LCP86-454 

LCP85-376 

0 

XL89-081 

LCP86-454 

LCP85-376 

15 

XL89-082 

CP74-383 

LCP85-376 

0 

XL89-164 

CP72-370 

LCP85-376 

0 

XL89-165 

CP61-037 

LCP85-376 

0 

XL89-166 

CP72-370 

LCP85-376 

23 

XL89-167 

CP79-318 

LCP85-376 

0 

XL89-168 

CP79-332 

LCP85-376 

0 

XL89-169 

CP73-345 

LCP85-376 

0 

XL89-219 

CP70-330 

LCP85-376 

35 

XL89-220 

LCP85-341 

LCP85-376 

216 

XL89-221 

CP6 1-037 

LCP85-376 

9 

XL89-222 

CP83-606 

LCP85-376 

0 

XL89-042 

CP75-361 

LCP85-384 

99 

XL89-043 

CP70-330 

LCP85-384 

9 

XL89-045 

CP75-361 

LCP85-384 

260 

XL89-046 

CP70-330 

LCP85-384 

0 

XL89-047 

CP75-361 

LCP85-384 

269 

XL89-048 

CP70-330 

LCP85-384 

25 

XL89-061 

CP74-383 

LCP85-384 

91 

XL89-089 

CP65-357 

LCP85-384 

9 

XL89-090 

CP80-352 

LCP85-384 

0 

XL89-091 

CP73-345 

LCP85-384 

0 

XL89-092 

CP65-357 

LCP85-384 

0 

XL89-093 

CP80-352 

LCP85-384 

10 

XL89-094 

CP73-345 

LCP85-384 

16 

XL89-095 

CP65-357 

LCP85-384 

0 

XL89-096 

CP80-352 

LCP85-384 

0 

XL89-097 

CP73-345 

LCP85-384 

0 

XL89-105 

CP70-330 

LCP85-384 

0 

XL89-106 

LCP86-395 

LCP85-384 

0 

XL89-547 

CP80-313 

LCP85-384 

466 

XL89-411 

CP72-370 

LCP86-393 

938 

XL89-504 

CP83-644 

LCP86-393 

988 

XL89-378 

CP79-332 

LCP86-395 

488 

XL89-020 

CP74-383 

LCP86-420 

18 

XL89-152 

LCP85-395 

LCP86-420 

0 

XL89-153 

CP75-361 

LCP86-420 

10 

XL89-365 

CP82-513 

LCP86-420 

15 

XL89-440 

CP70-330 

LCP86-420 

85 

XL89-441 

LCP81-005 

LCP86-420 

149 

XL89-145 

CP73-345 

LCP86-435 

108 

XL89-146 

CP80-352 

LCP86-435 

537 

XL89-200 

CP82-550 

LCP86-435 

0 

XL89-201 

CP85-830 

LCP86-435 

31 

XL89-202 

CP79-318 

LCP86-435 

0 

XL89-133 

CP79-332 

LCP86-450 

9 

XL89-134 

CP73-345 

LCP86-450 

0 

XL89-412 

CP70-330 

LCP86-450 

1251 

XL89-426 

CP74-383 

LCP86-457 

793 

XL89-427 

CP79-318 

LCP86-457 

2730 

XL89-428 

LCP81-030 

LCP86-457 

1699 

XL89-022 

CP82-550 

SELF 

0 

XL89-023 

CP85-830 

SELF 

11 

XL89-024 

CP86-924 

SELF 

9 

XL89-025 

CP77-407 

SELF 

0 

XL89-026 

US80-004 

SELF 

28 

XL89-027 

CP85-830 

SELF 

0 

XL89-028 

LCP86-420 

SELF 

0 

XL89-029 

CP72-370 

SELF 

0 

XL89-031 

CP72-1312 

SELF 

31 

XL89-034 

CP77-310 

SELF 

9 

XL89-038 

LCP81-026 

SELF 

0 

XL89-041 

CP75-1082 

SELF 

140 

Cross 


Female 


Male 


Seed 


XL89-044 

LCP85-384 

SELF 

16 

XL89-050 

CP81-1425 

SELF 

0 

XL89-052 

CP86-929 

SELF 

65 

XL89-063 

LCP82-033 

SELF 

0 

XL89-067 

CP86-956 

SELF 

0 

XL89-074 

CP80-323 

SELF 

0 

XL89-083 

LCP85-376 

SELF 

0 

XL89-088 

L84-290 

SELF 

12 

XL89-111 

CP85-845 

SELF 

0 

XL89-113 

CP86-948 

SELF 

0 

XL89-117 

CP76-331 

SELF 

29 

XL89-120 

LCP81-010 

SELF 

15 

XL89-135 

LCP86-450 

SELF 

13 

XL89-137 

LCP82-089 

SELF 

158 

XL89-141 

LCP82-047 

SELF 

33 

XL89-143 

CP75-330 

SELF 

9 

XL89-144 

CP78-317 

SELF 

19 

XL89-147 

LCP86-435 

SELF 

88 

XL89-150 

CP81-1435 

SELF 

0 

XL89-157 

CP70-330 

SELF 

0 

XL89-161 

CP73-343 

SELF 

83 

XL89-172 

CP72-356 

SELF 

0 

XL89-177 

CP72-355 

SELF 

24 

XL89-205 

CP86-917 

SELF 

18 

XL89-218 

CP83-644 

SELF 

0 

XL89-229 

CP62-258 

SELF 

112 

XL89-233 

LCP85-336 

SELF 

370 

XL89-253 

CP81-1302 

SELF 

1153 

XL89-256 

LCP85-341 

SELF 

129 

XL89-276 

LCP81-030 

SELF 

26 

XL89-302 

CP70-330 

SELF 

0 

XL89-318 

CP74-383 

SELF 

15 

XL89-319 

CP80-329 

SELF 

59 

XL89-386 

CP78-317 

SELF 

22 

XL89-387 

L75-002 

SELF 

19 

XL89-388 

CP77-405 

SELF 

1806 

XL89-389 

US77-017 

SELF 

370 

XL89-390 

LCP86-395 

SELF 

16 

XL89-391 

CP81-2149 

SELF 

24 

XL89-429 

LCP86-457 

SELF 

187 

XL89-478 

CP72-355 

SELF 

912 

XL89-479 

CP80-352 

SELF 

70 

XL89-480 

CP80-356 

SELF 

414 

XL89-509 

CP70-321 

SELF 

4690 

XL89-510 

LCP86-393 

SELF 

4290 

XL89-516 

CP79-318 

SELF 

317 

XL89-518 

CP79-348 

SELF 

1562 

XL89-525 

CP73-351 

SELF 

15 

XL89-529 

CP85-861 

SELF 

464 

XL89-532 

B76-719 

SELF 

30 

XL89-539 

CP75-361 

SELF 

205 

XL89-546 

CP85-800 

SELF 

89 

XL89-549 

CP86-969 

SELF 

174 

XL89-551 

CP86-929 

SELF 

77 

XL89-555 

CP73-351 

SELF 

0 

XL89-366 

L84-290 

US77-017 

1332 

XL89-367 

CP73-345 

US77-017 

576 

XL89-016 

LCP85-384 

US80-004 

30 

XL89-017 

LCP86-395 

US80-004 
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Selections,  Line  Trials  and  Assignments  of  the 
Louisiana,  "L",  Sugarcane  Variety  Development  Program 

for  the  Year  1989 

Keith  P.  Bischoff ,  Freddie  A.  Martin 
Louis  M.  McDonald  and  Scott  B.  Milligan 

DEPARTMENT  OF  AGRONOMY 

Each  year  the  Louisiana,  "L" ,  Sugarcane  Variety 
Development  Program  conducts  a  six-phase  project  aimed  at 
developing  improved  sugarcane  cultivars  for  the  Louisiana 
Sugarcane  Industry.  These  phases  include  crossing,  seedling 
production  and  planting,  single-stool  seedling  selection, 
evaluation  in  line  trials  and  assignment,  replicated  infield 
variety  testing,  and  replicated  outfield  variety  testing  with 
most  phases  containing  several  selection  and  planting  stages. 
The  production  of  true  seed,  selection  of  agronomically 
superior  clones  and  the  assignment  of  permanent  numbers  are 
the  responsibility  of  the  Agronomy  Department.  The  following 
is  a  brief  report  of  the  selections,  advancements  and 
assignments  made  in  1989. 

A  summary  of  the  selections,  advancements  and  assignments 
made  during  1989  is  presented  in  Table  1.  Eighty-four 
thousand  seedlings  from  252  crosses  were  potted  in  February, 
1989.  In  April,  69,806  were  planted  of  which  64,642  survived 
the  transplanting  process. 

In  April,  1988,  71,507  seedlings  were  established  in  the 
field.  Of  these,  54,495  survived  the  winter  and  were  available 
for  selection  as  stubble  single-stools.  In  September,  2,331 
clones  were  selected  from  the  overwintering  stools  and  were 
planted  in  first  line  trial  plots  (single  row,  6  foot  plots) . 
These  experimental  clones  met  or  exceeded  minimum  standards 
for  growth  habit,  stalk  number,  stalk  diameter,  stalk  height, 
Brix  (by  hand  refractometer) ,  pith,  tube  and  smut  resistance. 

The  3,264  first  line  trial  plots  of  the  1986  crossing 
series  were  evaluated  resulting  in  the  advancement  of  887 
clones  to  the  second  line  trial  stage  (single  row,  16  foot 
plots) .  Six  hundred-sixteen  clones  remained  in  the  second 
line  trial  plots  of  the  1985  crossing  series.  The  first 
stubble  first  line  trial  plots  and  the  plant  cane  second  line 
trial  plots  were  evaluated  using  ratings,  stalk  counts, 
estimated  stalk  weights  from  diameter  and  length  measurements 
and  hand  Brix  readings.  Of  these,  255  were  selected  and 
planted  in  increase  plots  and  will  be  candidates  for 
assignment  of  permanent  numbers  in  1990.  The  reasons  for 
eliminating  the  361  clones  from  second  line  trial  plots  are 
shown  in  table  2 .  Most  clones  were  dropped  due  to  their 
lodging  more  severely  than  the  check  plots.  Low  Brix,  low 
stalk  counts,  smut  and  poor  ratings  also  accounted  for  a  large 
percentage  of  clones  being  dropped  from  the  program. 
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The  1989  assignments  were  made  in  October  in  the  first 
stubble  second  line  trial  plots  of  the  1984  crossing  series 
(Table  3) .  Based  on  agronomic  ratings,  sucrose  yield  and  two 
previous  years  of  sucrose  data,  69  clones  were  selected  and 
assigned  permanent  "L89"  and  "LCP89"  numbers. 

Crosses  are  evaluated  on  the  percent  of  their  progeny 
that  advance  through  the  selection  stages  to  the  assignment 
stage  five  years  after  crossing  (Tables  4,5,6  and  7). 
Crossing  and  planting  decisions  are  primarily  based  upon  the 
percentile  ranking  (RPCTS)  or  the  percent  advancement  from  the 
number  of  originally  established  seedlings  (SURVIVE)  to  the 
most  advanced  stage  of  selection.  This  statistic  is  also  used 
to  evaluate  parents.  This  latter  utility  is  a  crude  empirical 
estimate  of  general  combining  ability. 
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Table  2.  List  of  reasons  for  eliminating  clones  from  the  second 
line  trials  and  the  percent  of  the  original  population  dropped  for 
each. 

Reason  for  dropping  Percentage 

Lodged  25.81 

Low  Brix  14.45 

Low  stalk  count  6.33 

Smut  5.68 

Poor  rating  5.52 

Pith  0.81 

Tube  0.81 

Borers  0.49 

Rust  0.16 

Broken  0.16 


Total  dropped  58.60 
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Table  3 .   Summary  of  the  data  on  the  varieties  assigned  permanent 
numbers  in  1989.* 


Parents 

Stalk 
Weight 

Stalk 
Number 

Cane 
Yield 

Sugar 
Cone. 

Sugar 

Variety 

Female 

Male 

Yield 

lbs. 

per  A 

tons/A 

lbs/T 

lbs/A 

CP70-321 

2.56 

28455 

38.2 

255 

9618 

L89-094 

LCP81-023 

L65-069 

2.08 

42650 

45.7 

243 

10235 

L89-095 

CP78-357 

CP75-308 

2.81 

34256 

48.9 

239 

11577 

L89-096 

CP78-317 

LCP81-030 

2.05 

36298 

34.6 

255 

8678 

L89-097 

CP80-313 

CP70-321 

2.25 

35617 

38.6 

269 

10093 

L89-098 

LCP81-012 

L65-069 

2.59 

35844 

45.8 

229 

10101 

L89-099 

CP72-370 

L75-002 

2.53 

31307 

38.5 

235 

8788 

L89-100 

CP78-317 

LCP81-030 

3.12 

31307 

45.0 

238 

10552 

L89-101 

CP76-351 

CP77-402 

2.48 

37886 

47.4 

261 

12201 

L89-102 

L80-035 

LCP81-030 

2.48 

34029 

41.4 

244 

10090 

L89-103 

CP76-351 

CP77-402 

2.34 

32668 

39.1 

251 

9446 

L89-104 

CP65-357 

CP72-2086 

2.36 

36751 

45.5 

250 

10989 

L89-105 

CP48-103 

CP75-1082 

2.06 

46507 

44.5 

231 

10152 

LCP89-106 

CP75-361 

US77-010 

2.44 

33802 

43.5 

249 

10584 

L89-107 

CP78-317 

CP72-2086 

2.32 

37659 

45.2 

249 

10987 

L89-108 

CP78-317 

CP72-2086 

2.36 

31987 

35.8 

243 

8569 

LCP89-109 

CP65-357 

US78-020 

2.88 

34937 

51.5 

245 

12649 

L89-110 

CP65-357 

CP72-2086 

2.61 

35844 

49.6 

226 

11033 

L89-111 

LCP81-005 

LCP81-030 

2.52 

39020 

50.0 

226 

11044 

L89-112 

CP72-370 

L75-002 

1.95 

40608 

39.2 

245 

9165 

L89-113 

CP78-317 

LCP81-030 

2.67 

33122 

44.5 

244 

10886 

L89-114 

LCP81-005 

LCP81-030 

2.08 

43104 

41.8 

226 

9303 

L89-115 

LCP81-005 

LCP81-030 

2.12 

36298 

39.5 

229 

8410 

L89-116 

CP70-330 

L75-002 

2.33 

39247 

45.5 

217 

9774 

L89-117 

CP70-330 

L78-063 

2.61 

38113 

47.2 

275 

13249 

L89-118 

CP65-357 

LCP81-030 

2.11 

34256 

34.5 

268 

9244 

L89-119 

CP48-103 

CP67-411 

2.61 

31307 

46.0 

225 

10225 

L89-120 

CP48-103 

CP67-411 

2.27 

38339 

42.2 

250 

10512 

L89-121 

CP70-300 

LCP81-030 

2.59 

37886 

45.4 

256 

11809 

L89-122 

CP76-351 

LCP81-030 

2.13 

40608 

41.3 

253 

10537 

L89-123 

CP70-330 

L78-063 

2.18 

35391 

38.7 

252 

10031 

L89-124 

CP65-357 

LCP81-030 

3.26 

34029 

57.1 

244 

13814 

L89-125 

CP65-357 

LCP81-030 

2.88 

36752 

55.1 

246 

13849 

L89-126 

CP65-357 

LCP81-030 

2.76 

36752 

50.4 

244 

12217 

L89-127 

LCP81-015 

CP70-321 

2.89 

35844 

52.0 

250 

12954 

LCP89-128 

CP79-318 

US80-024 

2.32 

44465 

54.2 

225 

12261 

L89-129 

CP75-360 

CP76-331 

2.37 

34256 

41.0 

275 

10815 

L89-130 

CP70-300 

LCP81-030 

2.71 

30853 

38.2 

238 

8657 

L89-131 

CP72-2086   L75-002 

2.28 

40608 

45.2 

270 

11962 

L89-132 

CP74-383 

LCP8 1-030 

2.50 

35617 

44.7 

259 

11582 

L89-133 

CP48-103 

CP77-310 

1.92 

33349 

32.7 

272 

8695 

L89-134 

CP72-370 

CP62-258 

2.21 

33802 

38.3 

241 

8626 

L89-135 

CP52-068 

CP75-308 

2.08 

36298 

34.9 

257 

8456 

L89-136 

CP65-357 

LCP81-030 

2.94 

36071 

54.8 

266 

14655 

L89-137 

CP72-2086   L75-002 

1.78 

40155 

38.2 

248 

9227 

L89-138 

CP48-103 

CP77-310 

2.35 

40835 

46.1 

238 

10717 
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Table  3 .   continued 


L89- 

-139 

L81-001 

CP77-414 

1 

.84 

37659 

34. 

.2 

252 

8540 

L89- 

-140 

MISC 

2 

.52 

37659 

37. 

.3 

233 

8762 

L89- 

-141 

CP78-317 

L78-063 

2 

.29 

36752 

42. 

.1 

232 

9847 

L89- 

-142 

CP70-300 

LCP8 1-030 

3 

.46 

30853 

55, 

.2 

236 

13081 

L89- 

-143 

CP79-302 

8 4 POLY 

3 

.23 

36071 

59. 

.1 

261 

15407 

L89- 

-144 

CP70-321 

CP62-258 

2 

.88 

35390 

54. 

.2 

227 

12211 

L89- 

-145 

CP79-302 

8 4 POLY 

2 

.13 

45372 

50. 

.0 

220 

11171 

L89- 

-146 

CP70-300 

CP75-1082 

3 

.25 

31988 

52. 

3 

252 

13212 

L89- 

-147 

CP72-370 

CP62-258 

2 

.71 

36525 

48. 

8 

230 

11256 

L89- 

-148 

CP65-357 

LCP8 1-030 

2 

.28 

30627 

37. 

0 

273 

9800 

L89- 

-149 

CP48-103 

CP77-402 

2 

.69 

39474 

48. 

3 

248 

12148 

L89- 

-150 

CP75-308 

CP70-321 

2 

.39 

29341 

34. 

.5 

255 

8779 

L89- 

-151 

CP75-308 

CP70-321 

2 

.22 

34710 

39. 

8 

254 

10352 

L89- 

-152 

CP70-330 

CP76-331 

2 

.04 

49682 

52. 

0 

239 

12305 

L89- 

-154 

CP70-330 

CP72-370 

3 

.86 

29946 

56. 

3 

235 

13410 

L89- 

-155 

CP79-348 

CP72-370 

2 

.53 

40154 

52. 

5 

208 

11304 

L89- 

-156 

CP70-300 

CP72-1312 

3 

.03 

30173 

46. 

2 

240 

10990 

L89- 

-157 

CP70-330 

CP72-370 

2 

.19 

40608 

46. 

.7 

235 

11106 

L89- 

-158 

CP70-330 

CP67-412 

2 

.48 

40155 

50. 

7 

237 

11977 

L89- 

-159 

CP75-1322 

CP77-310 

2 

.70 

34256 

45. 

.2 

245 

10854 

L89- 

-160 

L75-002 

CP77-310 

2 

.52 

37886 

51. 

.2 

229 

12505 

L89- 

-161 

CP76-351 

CP70-321 

1 

.64 

45145 

35. 

.0 

267 

9188 

L89- 

-162 

L75-002 

CP77-310 

2. 

.19 

39247 

44. 

.6 

226 

10355 

L89- 

-163 

CP75-308 

CP70-321 

2. 

.39 

31760 

23. 

0 

259 

5750 

*  Varieties  assigned  "L89"  numbers  were  from  crosses  made, 

selected  and  advanced  by  LSU  personnel.   Those  assigned  "LCP89" 
numbers  were  from  crosses  made  at  Canal  Point,  Fla.  but 
selected  and  advanced  at  LSU. 
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Table  4.  List  of  crosses  of  the  1984  crossing  series,  the  number  advanced  and 
the  rank  percentile  based  upon  percent  of  the  surviving  seedlings  that  were 
advanced  through  assignment  in  1989. 
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0 
W 

R 

R 

R 

R 

c 

E 

R 

I 

L 

P 

L 

P 

I 

P 

P 

R 

M 
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I 

C 

I 

C 

N 

C 

A  C 

0 

A 

A 

I 

T 

N 

T 

N 

T 

C 

T 

S  T 

S 

L 

L 

V 

E 

E 

S 

E 

S 

N 

S 

S  S 

S 

E 

E 

E 

R 

1 

1 

2 

2 

0 

I 

N  A 

XL84-0221 

CP48-103 

CP62-258 

1146 

927 

96 

74 

52 

91 

12 

90 

0  38 

XL84-0018 

CP48-103 

CP67-411 

863 

591 

57 

62 

10 

48 

5 

79 

2  85 

XL84-0037 

CP48-103 

CP75-1082 

386 

293 

24 

59 

5 

52 

1 

55 

1  87 

XL84-0032 

CP48-103 

CP77-310 

1306 

959 

65 

44 

20 

59 

4 

59 

4  88 

XL84-0149 

CP48-103 

CP77-402 

477 

425 

31 

61 

12 

74 

2 

65 

1  83 

XL84-0250 

CP52-068 

CP62-258 

251 

187 

16 

60 

4 

62 

1 

62 

0  38 

XL84-0133 

CP52-068 

CP75-308 

411 

371 

35 

75 

9 

70 

2 

74 

1  86 

XL84-0190 

CP52-068 

L65-069 

209 

161 

5 

20 

0 

9 

0 

24 

0  38 

XL84-0054 

CP53-018 

CP77-310 

425 

311 

30 

65 

13 

81 

2 

72 

0  38 

XL84-0248 

CP57-614 

CP62-258 

216 

163 

15 

62 

1 

27 

0 

24 

0  38 

XL84-0163 

CP61-037 

CP73-351 

156 

127 

13 

72 

2 

52 

1 

81 

0  38 

XL84-0204 

CP61-037 

CP76-331 

221 

168 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0205 

CP61-037 

CP80-319 

44 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0297 

CP61-037 

L75-002 

679 

498 

34 

44 

7 

43 

0 

24 

0  38 

XL84-0247 

CP61-039 

CP66-346 

475 

409 

15 

25 

4 

34 

1 

51 

0  38 

XL84-0229 

CP61-039 

CP67-412 

486 

423 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0185 

CP61-039 

CP72-2086 

466 

389 

24 

47 

3 

31 

0 

24 

0  38 

XL84-0207 

CP61-039 

CP80-319 

496 

394 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0148 

CP61-039 

FLORIDAS 

222 

203 

10 

40 

2 

38 

1 

69 

0  38 

XL84-0214 

CP61-039 

L78-063 

444 

367 

18 

34 

6 

56 

2 

69 

0  38 

XL84-0270 

CP65-357 

CP72-2086 

458 

412 

20 

39 

4 

38 

4 

85 

2  92 

XL84-0150 

CP65-357 

CP77-402 

440 

386 

17 

30 

2 

27 

0 

24 

0  38 

XL84-0223 

CP65-357 

LCP81-030 

654 

572 

68 

88 

22 

85 

8 

91 

6  98 

XL84-0273 

CP65-357 

L65-069 

242 

207 

5 

17 

1 

23 

0 

24 

0  38 

XX84-3056 

CP65-357 

MANDALAY 

249 

231 

0 

6 

0 

9 

0 

24 

0  38 

XX84-3057 

CP65-357 

SES231 

241 

211 

0 

6 

0 

9 

0 

24 

0  38 

XX84-3026 

CP65-357 

US77-10 

233 

151 

1 

13 

0 

9 

0 

24 

0  38 

XX84-3012 

CP65-357 

US78-20 

496 

359 

24 

43 

8 

62 

2 

62 

1  82 

XL84-0274 

CP66-346 

CP57-614 

216 

141 

3 

15 

0 

9 

0 

24 

0  38 

XL84-0121 

CP67-412 

CP67-412 

88 

, 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0239 

CP67-412 

CP70-321 

690 

600 

16 

19 

1 

19 

0 

24 

0  38 

XL84-0265 

CP67-412 

L75-002 

405 

367 

18 

39 

1 

20 

0 

24 

0  38 

XX84-3059 

CP68-413 

US81-42 

102 

91 

3 

23 

0 

9 

0 

24 

0  38 

XL84-0228 

CP69-373 

CP67-412 

206 

156 

39 

98 

14 

98 

2 

88 

0  38 

XL84-0242 

CP69-373 

L78-063 

216 

183 

5 

19 

0 

9 

0 

24 

0  38 

XL84-0060 

CP70-300 

CP72-1312 

193 

146 

8 

34 

2 

43 

1 

76 

1  94 

XL84-0123 

CP70-300 

CP73-351 

29 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0036 

CP70-300 

CP75-1082 

399 

313 

21 

49 

9 

71 

1 

54 

1  87 

XL84-0225 

CP70-300 

LCP81-030 

705 

557 

67 

81 

13 

65 

4 

77 

3  91 

XL84-0219 

CP70-321 

CP62-258 

435 

335 

37 

75 

12 

78 

3 

82 

1  85 

XL83-0047 

CP70-330 

CP67-412 

209 

148 

15 

66 

8 

89 

3 

94 

1  93 

XL84-0022 

CP70-330 

CP72-356 

444 

360 

45 

86 

16 

87 

6 

91 

0  38 
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S 
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E 
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2 
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N  A 

XL84-0029 

CP70-330 

CP72-370 

223 

156 

10 

40 

3 

52 

2 

87 

2  97 

XL84-0047 

CP70-330 

CP76-331 

612 

410 

43 

64 

11 

65 

1 

50 

1  80 

XL84-0279 

CP70-330 

L75-002 

1334 

1094 

93 

64 

19 

56 

5 

61 

1  76 

XL84-0243 

CP70-330 

L78-063 

855 

716 

32 

28 

8 

38 

2 

54 

2  85 

XL84-0312 

CP71-459 

CP71-459 

93 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0307 

CP72-1210 

L65-069 

606 

465 

35 

56 

2 

22 

0 

24 

0  38 

XL84-0280 

CP72-2086 

L75-002 

997 

775 

80 

71 

19 

67 

9 

87 

2  82 

XL84-0256 

CP72-355 

CP67-412 

154 

154 

15 

82 

8 

93 

0 

24 

0  38 

XL83-0161 

CP72-355 

CP77-310 

263 

191 

26 

84 

4 

59 

0 

24 

0  38 

XL84-0201 

CP72-355 

CP77-407 

149 

110 

22 

94 

6 

90 

0 

24 

0  38 

XL84-0202 

CP72-355 

LCP81-030 

934 

774 

161 

98 

60 

98 

4 

67 

0  38 

XL84-0041 

CP72-356 

CP57-614 

626 

460 

38 

58 

10 

62 

0 

24 

0  38 

XL84-0026 

CP72-356 

CP77-414 

236 

164 

14 

56 

0 

9 

0 

24 

0  38 

XL84-0251 

CP72-370 

CP62-258 

474 

419 

75 

97 

30 

97 

11 

97 

2  90 

XL84-0167 

CP72-370 

CP66-346 

209 

192 

18 

76 

3 

56 

0 

24 

0  38 

XL84-0194 

CP72-370 

L65-069 

215 

188 

12 

54 

1 

27 

0 

24 

0  38 

XL84-0294 

CP72-370 

L75-002 

699 

608 

44 

59 

24 

85 

7 

89 

2  88 

XX84-3049 

CP72-370 

US80-24 

109 

99 

6 

53 

3 

78 

0 

24 

0  38 

XL84-0249 

CP73-345 

CP62-258 

448 

380 

44 

83 

21 

92 

8 

96 

0  38 

XL84-0290 

CP73-345 

CP76-301 

341 

267 

27 

70 

5 

59 

0 

24 

0  38 

XL84-0281 

CP73-345 

CP77-402 

661 

591 

33 

44 

6 

38 

2 

58 

0  38 

XL84-0263 

CP73-345 

CP77-407 

220 

201 

27 

92 

3 

56 

3 

92 

0  38 

XL84-0283 

CP73-345 

LCP81-030 

695 

617 

63 

79 

6 

38 

3 

67 

0  38 

XL83-0113 

CP73-375 

L75-002 

473 

344 

25 

49 

3 

31 

0 

24 

0  38 

XL84-0127 

CP74-2005 

CP73-351 

12 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0045 

CP74-2005 

CP76-331 

210 

161 

2 

14 

0 

9 

0 

24 

0  38 

XL84-0055 

CP74-2005 

CP77-310 

60 

54 

5 

72 

2 

84 

0 

24 

0  38 

XL83-0054 

CP74-383 

CP67-412 

258 

232 

10 

30 

3 

48 

2 

83 

0  38 

XL84-0056 

CP74-383 

CP72-1312 

244 

196 

19 

68 

6 

74 

0 

24 

0  38 

XL84-0168 

CP74-383 

LCP81-030 

1424 

1167 

127 

77 

13 

38 

6 

65 

1  76 

XL84-0184 

CP74-387 

CP72-2086 

214 

17 

70 

1 

27 

1 

72 

0  38 

XL84-0034 

CP75-1322 

CP77-310 

444 

360 

31 

64 

11 

74 

3 

81 

1  85 

XL84-0046 

CP75-1632 

CP76-331 

67 

30 

2 

24 

0 

9 

0 

24 

0  38 

XL84-0238 

CP75-308 

CP70-321 

648 

501 

111 

97 

31 

92 

10 

95 

4  96 

XL84-0162 

CP75-360 

CP73-351 

113 

. 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0179 

CP75-360 

CP76-331 

570 

428 

22 

30 

5 

38 

1 

50 

1  81 

XX84-3028 

CP75-361 

US77-10 

241 

203 

25 

88 

4 

64 

1 

63 

1  90 

XL84-0303 

CP76-301 

L65-069 

173 

157 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0218 

CP76-331 

CP62-258 

422 

330 

43 

87 

15 

87 

4 

88 

0  38 

XL84-0049 

CP76-331 

CP76-331 

104 

0 

6 

0 

9 

0 

24 

0  38 

XX84-3001 

CP76-331 

US77-12 

486 

452 

49 

86 

6 

48 

0 

24 

0  38 

XL84-0277 

CP76-351 

CP70-321 

140 

117 

6 

38 

4 

79 

1 

83 

1  96 

XL84-0282 

CP76-351 

CP77-402 

452 

424 

19 

37 

6 

52 

4 

86 

2  92 

XL84-0284 

CP76-351 

LCP81-030 

616 

539 

56 

79 

6 

43 

3 

74 

1  80 
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1  1 

2  2 

0 

I 

N  A 

XL84-0007 

CP77-1414 

CP77-414 

189 

170 

2  14 

1  27 

0 

24 

0  38 

XL84-0014 

CP77-310 

CP77-310 

100 

0   6 

0   9 

0 

24 

0  38 

XX84-3011 

CP77-310 

US78-20 

458 

433 

10  18 

5  46 

0 

24 

0  38 

XL84-0258 

CP77-402 

L65-069 

574 

511 

29  46 

18  81 

4 

82 

0  38 

XL84-0295 

CP77-402 

L75-002 

1154 

997 

45  30 

14  48 

3 

55 

0  38 

XL84-0157 

CP77-405 

CP76-331 

281 

205 

26  81 

6  69 

0 

24 

0  38 

XL84-0078 

CP77-405 

84P2 

190 

99 

8  37 

4  69 

1 

76 

0  38 

XL84-0241 

CP77-411 

L78-063 

475 

393 

11  19 

1  20 

0 

24 

0  38 

XL84-0289 

CP77-416 

CP76-301 

125 

88 

5  32 

4  83 

0 

24 

0  38 

XL84-0164 

CP78-2114 

CP73-351 

109 

0   6 

0   9 

0 

24 

0  38 

XL84-0083 

CP78-2114 

LCP81-026 

66 

0   6 

0   9 

0 

24 

0  38 

XL84-0140 

CP78-317 

CP66-346 

106 

0   6 

0   9 

0 

24 

0  38 

XL84-0272 

CP78-317 

CP72-2086 

236 

203 

17  66 

4  64 

2 

85 

2  97 

XL84-0335 

CP78-317 

CP77-402 

6 

0   6 

0   9 

0 

24 

0  38 

XL84-0313 

CP78-317 

CP77-407 

16 

0   6 

0   9 

0 

24 

0  38 

XL84-0222 

CP78-317 

LCP81-030 

699 

637 

105  95 

44  97 

12 

96 

3  91 

XL84-0113 

CP78-317 

L78-063 

165 

163 

15  79 

7  90 

1 

80 

1  95 

XL84-0260 

CP78-357 

CP70-321 

217 

186 

8  28 

6  78 

0 

24 

0  38 

XL84-0198 

CP78-357 

CP73-351 

219 

193 

10  42 

3  56 

1 

70 

0  38 

XL84-0301 

CP78-357 

CP75-308 

1097 

982 

50  42 

28  75 

9 

84 

1  77 

XL84-0278 

CP78-357 

CP77-407 

219 

200 

34  96 

13  96 

3 

93 

0  38 

XL84-0213 

CP78-357 

L65-069 

462 

363 

16  27 

4  38 

1 

53 

0  38 

XL84-0264 

CP78-357 

L75-002 

750 

642 

47  59 

21  78 

2 

56 

0  38 

XL84-0052 

CP79-302 

LCP81-026 

203 

202 

31  95 

11  95 

3 

95 

0  38 

XL84-0079 

CP79-302 

84P2 

422 

344 

42  85 

13  81 

6 

93 

2  93 

XL84-0231 

CP79-318 

CP70-321 

962 

658 

39  34 

22  71 

3 

59 

0  38 

XL84-0271 

CP79-318 

CP72-2086 

475 

397 

13  22 

3  31 

0 

24 

0  38 

XX84-3029 

CP79-318 

US77-10 

235 

182 

13  53 

2  38 

0 

24 

0  38 

XX84-3045 

CP79-318 

US79-7 

491 

369 

20  34 

1  20 

0 

24 

0  38 

XX84-3047 

CP79-318 

US80-24 

442 

371 

19  38 

3  33 

2 

69 

1  85 

XL84-0299 

CP79-332 

CP75-308 

482 

437 

61  93 

15  81 

2 

63 

0  38 

XX84-3046 

CP79-332 

US79-7 

467 

414 

25  51 

6  52 

1 

51 

0  38 

XL84-0030 

CP79-348 

CP72-370 

166 

143 

15  78 

10  96 

5 

98 

1  95 

XL84-0006 

CP79-348 

CP77-414 

242 

226 

6  21 

1  23 

0 

24 

0  38 

XX84-3048 

CP79-348 

US80-24 

173 

161 

7  32 

6  86 

1 

79 

0  38 

XL84-0240 

CP80-313 

CP70-321 

724 

597 

39  51 

14  67 

4 

77 

1  78 

XL84-0287 

CP80-313 

CP76-301 

155 

119 

9  56 

1  31 

0 

24 

0  38 

XL84-0254 

CP80-313 

LCP81-030 

704 

577 

92  93 

37  94 

13 

97 

0  38 

XL84-0262 

CP80-319 

CP70-321 

363 

341 

11  24 

4  46 

1 

57 

0  38 

XL84-0285 

CP80-319 

CP76-301 

183 

166 

0  6 

0   9 

0 

24 

0  38 

XL84-0275 

CP80-324 

CP57-614 

799 

700 

42  49 

3  23 

0 

24 

0  38 

XL84-0072 

CP80-324 

CP70-321 

93 

66 

6  61 

0  9 

0 

24 

0  38 

XL84-0336 

CP80-328 

CP77-402 

205 

146 

24  91 

3  59 

0 

24 

0  38 

XL84-0203 

CP80-329 

LCP81-030 

208 

179 

21  86 

1  27 

0 

24 

0  38 
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1 

1 
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2 

0 

I 

N  A 

XL84-0130 

CP80-352 

CP75-308 

392 

362 

20 

46 

5 

52 

2 

75 

0  38 

XL84-0215 

CP80-352 

L78-063 

185 

172 

6 

25 

1 

27 

0 

24 

0  38 

XL84-0286 

CP80-356 

CP76-301 

176 

156 

5 

23 

2 

46 

0 

24 

0  38 

XL84-0268 

CP80-356 

CP78-304 

475 

411 

52 

90 

13 

76 

3 

80 

0  38 

XL84-0293 

CP81-307 

L75-002 

932 

847 

39 

37 

2 

20 

0 

24 

0  38 

XL84-0051 

CP81-316 

LCP81-026 

243 

179 

24 

84 

3 

48 

1 

63 

0  38 

XL84-0288 

CP81-338 

CP76-301 

827 

624 

93 

90 

28 

85 

3 

60 

0  38 

XL84-0226 

CP81-338 

LCP81-030 

479 

420 

26 

51 

11 

71 

2 

65 

0  38 

XL84-0217 

LCP81-005 

CP62-258 

217 

171 

21 

82 

8 

88 

0 

24 

0  38 

XL84-0232 

LCP81-005 

CP70-321 

135 

117 

1 

13 

0 

9 

0 

24 

0  38 

XL84-0224 

LCP81-005 

LCP81-030 

239 

204 

25 

89 

9 

89 

6 

98 

3  99 

XL84-0266 

LCP81-005 

L75-002 

225 

209 

16 

65 

7 

81 

1 

67 

0  38 

XL84-0310 

LCP81-012 

CP70-321 

944 

680 

96 

87 

24 

74 

2 

51 

0  38 

XL84-0308 

LCP81-012 

CP76-301 

440 

376 

18 

34 

3 

33 

0 

24 

0  38 

XL84-0305 

LCP81-012 

L65-069 

81 

68 

19 

99 

11 

99 

3 

99 

1  98 

XL84-0235 

LCP81-015 

CP70-321 

954 

774 

50 

47 

9 

38 

1 

49 

1  77 

XL84-0259 

LCP81-015 

L65-069 

568 

471 

32 

54 

6 

46 

0 

24 

0  38 

XL84-0230 

LCP81-018 

CP70-321 

294 

177 

8 

22 

0 

9 

0 

24 

0  38 

XL84-0267 

LCP81-018 

L75-002 

619 

450 

38 

58 

3 

27 

0 

24 

0  38 

XL84-0244 

LCP81-023 

L65-069 

668 

541 

80 

91 

17 

74 

2 

58 

1  79 

XL84-0314 

LCP82-091 

CP77-407 

41 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0402 

LCP82-096 

CP75-1082 

389 

278 

21 

51 

1 

22 

0 

24 

0  38 

XL84-0195 

L65-069 

L65-069 

34 

0 

6 

0 

9 

0 

24 

0  38 

XL83-0160 

L75-002 

CP77-310 

565 

470 

47 

72 

18 

83 

5 

86 

2  89 

XL84-0200 

L75-056 

CP66-346 

197 

183 

7 

27 

3 

59 

0 

24 

0  38 

XL84-0017 

L75-056 

84P1 

215 

107 

11 

46 

1 

27 

0 

24 

0  38 

XL84-0252 

L77-038 

CP62-258 

200 

181 

15 

67 

2 

43 

0 

24 

0  38 

XL84-0139 

L77-038 

CP66-346 

373 

367 

34 

79 

6 

62 

0 

24 

0  38 

XL84-0216 

L78-035 

CP62-258 

440 

362 

24 

53 

12 

76 

2 

69 

0  38 

XL84-0296 

L78-063 

L75-002 

491 

420 

19 

30 

3 

31 

0 

24 

0  38 

XL84-0058 

L79-018 

CP77-414 

461 

418 

11 

20 

6 

52 

0 

24 

0  38 

XL84-0023 

L80-002 

CP72-356 

216 

185 

18 

72 

4 

67 

1 

70 

0  38 

XL84-0044 

L80-002 

CP76-331 

302 

188 

15 

44 

9 

80 

0 

24 

0  38 

XL84-0033 

L80-002 

CP77-310 

217 

157 

13 

57 

1 

27 

0 

24 

0  38 

XL84-0233 

L80-035 

CP70-321 

581 

273 

12 

17 

8 

56 

2 

60 

0  38 

XL84-0169 

L80-035 

LCP81-030 

669 

512 

103 

96 

35 

93 

7 

90 

1  79 

XL84-0298 

L80-35 

L75-002 

709 

603 

38 

51 

13 

65 

2 

57 

0  38 

XL84-0021 

L81-001 

CP67-411 

203 

102 

4 

16 

2 

43 

0 

24 

0  38 

XL84-0039 

L81-001 

CP75-1082 

209 

147 

4 

16 

2 

43 

1 

73 

0  38 

XL84-0035 

L81-001 

CP77-310 

476 

404 

37 

68 

20 

90 

2 

65 

0  38 

XL84-0027 

L81-001 

CP77-414 

731 

582 

33 

40 

6 

34 

1 

49 

1  78 

XL84-0025 

US77-1 

CP77-414 

68 

50 

6 

77 

1 

59 

0 

24 

0  38 

XL84-0038 

US77-10 

CP75  1082 

128 

108 

0 

6 

0 

9 

0 

24 

0  38 

XL84-0016 

US77-10 

84P1 

193 

138 

8 

34 

2 

43 

0 

24 

0  38 
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XL84-0011 

US77-14 

CP77 

-310 

147 

113 

18 

92 

8 

95 

2 

92 

0  38 

XL84-0234 

US77-17 

CP70- 

-321 

418 

378 

33 

70 

8 

67 

2 

73 

0  38 

XL84-0300 

US77-17 

CP75- 

-308 

461 

421 

36 

68 

6 

52 

1 

53 

0  38 

XL84-0193 

US77-17 

L65-069 

412 

359 

34 

72 

10 

72 

2 

74 

0  38 

XX84-3042 

US79-11 

CP78- 

-304 

515 

459 

44 

75 

6 

48 

3 

79 

0  38 

XX84-3033 

US81-2 

CP81- 

•338 

250 

208 

8 

25 

2 

34 

0 

24 

0  38 

70764  56860  4682 


1327 


300 


69 
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Table  5.  List  of  crosses  of  the  1985  crossing  series,  the  number  advanced  and 
the  rank  percentile  based  upon  percent  of  the  surviving  seedlings  that  were 
advanced  through  increase  in  1989. 
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R 

R 

R 

c 

E 

R 
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L 

P 
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V 

N 
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C 

N 
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0 

A 

A 
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T 

N 

T 

N 
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C 

T 

S 

L 

L 
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E 

E 

S 

E 

S 

N 

S 

S 

E 

E 

E 

R 

1 

1 

2 

2 

0 

I 

XL85-0149 

COLD  TOL 

LCP81-030 

259 

252 

13 

54 

1 

41 

0 

25 

XL83-0155 

CP43-064 

CP70-321 

875 

690 

32 

35 

5 

51 

0 

25 

XL85-0251 

CP48-103 

CP69-1052 

186 

137 

7 

37 

2 

71 

1 

75 

XL85-0026 

CP48-103 

CP70-321 

236 

151 

0 

2 

0 

16 

0 

25 

XL85-0045 

CP48-103 

CP76-331 

189 

165 

12 

70 

5 

95 

3 

96 

XL85-0148 

CP48-103 

LCP81-030 

453 

405 

18 

41 

5 

71 

1 

56 

XL83-0153 

CP50-028 

CP78-304 

634 

558 

46 

78 

10 

83 

6 

85 

XL85-0050 

CP52-068 

CP75-308 

417 

379 

20 

51 

4 

67 

1 

58 

XL85-0328 

CP52-068 

CP80-360 

236 

217 

14 

67 

4 

86 

0 

25 

XL83-0211 

CP52-068 

LCP81-030 

884 

715 

38 

45 

16 

87 

10 

90 

XL85-0021 

CP52-068 

LCP81-030 

886 

876 

49 

62 

17 

89 

7 

81 

XL85-0317 

CP52-068 

L78-063 

177 

173 

8 

48 

0 

16 

0 

25 

XL85-0018 

CP57-614 

CP57-614 

108 

86 

1 

6 

0 

16 

0 

25 

XL85-0203 

CP61-037 

CP57-614 

174 

151 

7 

41 

1 

51 

1 

76 

XL85-0109 

CP61-037 

CP70-321 

243 

235 

6 

19 

0 

16 

0 

25 

XL85-0256 

CP61-037 

CP72-1312 

257 

175 

13 

56 

1 

41 

0 

25 

XL85-0099 

CP61-037 

CP73-351 

643 

388 

21 

31 

3 

47 

2 

59 

XL85-0144 

CP61-037 

CP76-301 

217 

210 

7 

30 

1 

47 

1 

70 

XL85-0192 

CP62-258 

CP62-258 

55 

43 

4 

78 

0 

16 

0 

25 

XL85-0196 

CP65-357 

CP62-258 

215 

186 

14 

73 

3 

79 

3 

96 

XL85-0137 

CP65-357 

CP67-412 

113 

109 

10 

87 

1 

63 

1 

84 

XL85-0223 

CP65-357 

CP69-1052 

485 

458 

21 

45 

2 

41 

2 

63 

XL85-0124 

CP65-357 

CP69-373 

144 

142 

11 

81 

1 

55 

0 

25 

XL85-0036 

CP65-357 

CP70-321 

180 

175 

9 

54 

3 

86 

2 

88 

XL85-0103 

CP65-357 

CP72-2086 

896 

448 

32 

77 

0 

16 

0 

25 

XL83-0212 

CP65-357 

LCP81-030 

1704 

1413 

70 

43 

15 

63 

7 

63 

XL85-0173 

CP67-412 

CP67-412 

55 

43 

4 

78 

0 

16 

0 

25 

XL85-0194 

CP69-1052 

CP69-1052 

50 

28 

1 

12 

0 

16 

0 

25 

XL85-0138 

CP70-300 

CP67-412 

117 

98 

7 

68 

0 

16 

0 

25 

XL85-0247 

CP70-321 

CP66-346 

456 

427 

13 

24 

2 

41 

0 

25 

XL85-0172 

CP70-321 

CP67-412 

181 

176 

11 

69 

3 

86 

1 

76 

XL85-0008 

CP70-321 

CP72-355 

212 

203 

4 

11 

1 

47 

0 

25 

XL85-0098 

CP70-321 

CP73-351 

485 

471 

20 

43 

8 

83 

1 

54 

XL85-0210 

CP70-321 

CP80-323 

235 

208 

19 

83 

6 

95 

4 

98 

XL85-0270 

CP70-330 

CP66-346 

193 

163 

4 

14 

0 

16 

0 

25 

XL85-0139 

CP70-330 

CP67-412 

123 

89 

6 

53 

0 

16 

0 

25 

XL85-0252 

CP70-330 

CP69-1052 

188 

148 

35 

98 

8 

99 

3 

97 

XL85-0024 

CP70-330 

CP72-355 

642 

597 

37 

66 

3 

47 

0 

25 

XL85-0278 

CP70-330 

CP76-301 

217 

179 

29 

97 

7 

97 

3 

95 

XL85-0044 

CP70-330 

CP76-331 

233 

203 

17 

78 

5 

91 

3 

94 

XL85-0186 

CP70-330 

CP77-407 

147 

116 

14 

89 

1 

55 

1 

78 

XL85-0209 

CP70-330 

CP80-323 

217 

175 

8 

35 

2 

63 

1 

70 

Table   5   continued. 
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V 

E 

E 

S 

E 

S 
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S 
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E 

E 

R 

1 

1 

2 

2 

0 

I 

XL85-0110 

CP70-330 

LCP81-030 

566 

457 

28 

53 

4 

55 

2 

60 

XL85-0263 

CP70-330 

LCP82-089 

230 

180 

6 

21 

1 

41 

0 

25 

XL85-0201 

CP70-330 

L75-002 

768 

632 

30 

39 

2 

36 

1 

50 

XL83-0118 

CP71-1194 

CP62-258 

930 

659 

33 

33 

6 

51 

1 

50 

XL83-0135 

CP71-1194 

CP72-355 

1179 

705 

25 

14 

3 

36 

0 

25 

XL83-0136 

CP71-1240 

CP72-355 

477 

274 

23 

51 

12 

94 

2 

65 

XL85-0239 

CP71-357 

CP67-412 

230 

174 

10 

45 

3 

76 

1 

66 

XL83-0073 

CP71-380 

CP66-346 

484 

383 

24 

54 

4 

59 

0 

25 

XL83-0141 

CP71-380 

CP77-402 

169 

161 

2 

7 

0 

16 

0 

25 

XL85-0230 

CP71-441 

CP70-321 

506 

420 

13 

21 

1 

33 

1 

53 

XL85-0259 

CP71-441 

CP76-301 

233 

210 

26 

94 

2 

63 

2 

83 

XL85-0125 

CP71-459 

CP69-373 

228 

228 

0 

2 

0 

16 

0 

25 

XL85-0101 

CP71-459 

CP72-2086 

76 

66 

0 

2 

0 

16 

0 

25 

XL85-0084 

CP72-1210 

CP70-321 

221 

221 

21 

89 

1 

47 

1 

69 

XL85-0114 

CP72-1210 

CP73-351 

225 

195 

8 

33 

2 

63 

1 

68 

XL83-0085 

CP72-1312 

CP57-614 

206 

177 

10 

53 

4 

89 

2 

86 

XL85-0035 

CP72-1312 

CP72-355 

445 

398 

23 

57 

11 

94 

5 

89. 

XL85-0167 

CP72-2086 

CP72-2086 

55 

35 

3 

62 

1 

87 

1 

99 

XL83-0134 

CP72-370 

CP62-258 

1237 

940 

57 

49 

9 

55 

2 

52 

XL85-0171 

CP72-370 

CP67-412 

232 

195 

10 

45 

3 

76 

3 

94 

XL85-0097 

CP72-370 

CP73-351 

440 

411 

23 

57 

4 

63 

1 

57 

XL85-0111 

CP72-370 

LCP81-030 

1154 

656 

25 

15 

0 

16 

0 

25 

XL83-0116 

CP72-370 

L65-069 

460 

385 

25 

60 

5 

71 

1 

56 

XL83-0029 

CP72-370 

L83P2 

619 

483 

24 

39 

8 

76 

1 

52 

XL85-0206 

CP73-345 

CP73-351 

140 

117 

7 

54 

0 

16 

0 

25 

XL85-0146 

CP73-345 

CP78-304 

234 

210 

36 

99 

8 

99 

2 

99 

XL85-0233 

CP73-345 

LCP81-030 

227 

192 

7 

27 

1 

41 

0 

25 

XL83-0062 

CP74-328 

CP57-614 

372 

337 

17 

49 

1 

36 

0 

25 

XL83-0083 

CP74-383 

CP57-614 

428 

425 

24 

64 

3 

55 

2 

71 

XL85-0126 

CP74-383 

CP69-373 

513 

488 

26 

56 

1 

33 

0 

25 

XL83-0140 

CP74-383 

CP70-321 

1009 

988 

53 

58 

14 

79 

7 

79 

XL83-0119 

CP74-383 

CP72-355 

599 

437 

6 

6 

0 

16 

0 

25 

XL85-0168 

CP74-383 

CP73-351 

160 

152 

2 

8 

0 

16 

0 

25 

XL85-0001 

CP74-383 

CP74-2013 

211 

155 

1 

4 

0 

16 

0 

25 

XL85-0022 

CP74-383 

LCP81-030 

479 

477 

18 

37 

7 

82 

5 

88 

XL85-0058 

CP74-383 

LCP82-076 

217 

215 

7 

30 

0 

16 

0 

25 

XL83-0013 

CP75-1082 

CP75-1082 

157 

113 

1 

4 

0 

16 

0 

25 

XL85-0321 

CP75-1091 

CP78-304 

256 

139 

4 

9 

0 

16 

0 

25 

XL83-0030 

CP75-1091 

L83P2 

642 

462 

5 

5 

0 

16 

0 

25 

XL85-0253 

CP75-308 

CP69-1052 

252 

223 

20 

82 

4 

83 

3 

92 

XL85-0132 

CP75-308 

CP70-321 

751 

590 

20 

22 

1 

32 

1 

50 

XL85-0104 

CP75-308 

CP72-2086 

104 

103 

7 

74 

0 

16 

0 

25 

XL85-0118 

CP75-308 

CP77-310 

91 

73 

2 

15 

0 

16 

0 

25 

XL85-0156 

CP76-331 

85P2 

444 

363 

5 

7 

0 

16 

0 

25 

130 
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V 

E 
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S 
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S 
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E 
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1 

1 

2 

2 

0 

I 

XL83-0071 

CP77-310 

CP62-258 

161 

156 

14 

86 

2 

74 

1 

77 

XL85-0059 

CP77-310 

LCP82-076 

225 

197 

7 

27 

2 

63 

1 

68 

XL85-0140 

CP77-405 

CP72-355 

209 

143 

8 

37 

1 

47 

1 

72 

XL85-0154 

CP77-405 

LCP81-030 

704 

580 

30 

45 

2 

36 

1 

51 

XL85-0003 

CP77-413 

85P1 

242 

242 

26 

92 

4 

86 

3 

92 

XL85-0117 

CP77-414 

CP67-412 

252 

228 

6 

18 

2 

59 

1 

62 

XL85-0272 

CP77-414 

CP70-321 

161 

131 

5 

27 

2 

74 

0 

25 

XL85-0033 

CP77-414 

CP80-323 

237 

203 

16 

74 

2 

59 

0 

25 

XL85-0076 

CP77-414 

LCP81-030 

588 

588 

31 

58 

5 

63 

4 

78 

XL85-0261 

CP77-416 

CP76-301 

252 

226 

14 

64 

1 

41 

0 

25 

XL85-0190 

CP78-304 

CP78-304 

43 

32 

3 

75 

0 

16 

0 

25 

XL85-0198 

CP78-317 

CP62-258 

200 

178 

17 

85 

0 

16 

0 

25 

XL85-0010 

CP78-317 

CP72-355 

669 

669 

37 

62 

13 

89 

5 

80 

XL83-0104 

CP78-317 

CP76-301 

483 

325 

10 

14 

4 

59 

0 

25 

XL85-0207 

CP78-357 

CP73-351 

154 

125 

6 

39 

0 

16 

0 

25 

XL85-0107 

CP78-357 

CP76-331 

249 

227 

15 

68 

0 

16 

0 

25 

XL85-0077 

CP78-357 

LCP81-030 

405 

395 

31 

81 

7 

86 

2 

73 

XL85-0293 

CP79-300 

LCP83-152 

80 

73 

6 

80 

0 

16 

0 

25 

XL83-0070 

CP79-301 

CP62-258 

450 

364 

36 

83 

15 

97 

5 

88 

XL83-0096 

CP79-301 

CP69-373 

529 

443 

22 

44 

6 

71 

4 

80 

XL83-0105 

CP79-311 

CP76-301 

218 

177 

2 

6 

0 

16 

0 

25 

XL83-0219 

CP79-311 

LCP81-030 

1534 

1301 

46 

25 

12 

59 

4 

58 

XL85-0254 

CP79-318 

CP69-1052 

205 

187 

17 

84 

2 

67 

1 

73 

XL85-0217 

CP79-318 

CP70-321 

491 

424 

18 

35 

3 

51 

1 

53 

XL85-0266 

CP79-318 

CP72-1312 

232 

202 

4 

10 

0 

16 

0 

25 

XL85-0169 

CP79-318 

CP73-351 

194 

178 

8 

43 

0 

16 

0 

25 

XL85-0187 

CP79-318 

CP76-301 

184 

127 

6 

31 

2 

71 

1 

75 

XL85-0245 

CP79-318 

CP80-313 

206 

194 

0 

2 

0 

16 

0 

25 

XL85-0147 

CP79-318 

LCP81-030 

688 

577 

37 

60 

5 

55 

2 

59 

XL85-0268 

CP79-318 

LCP82-089 

257 

221 

10 

39 

0 

16 

0 

25 

XL85-0197 

CP79-332 

CP62-258 

464 

457 

25 

60 

3 

51 

2 

66 

XL85-0249 

CP79-332 

CP66-346 

233 

232 

6 

21 

1 

41 

0 

25 

XL85-0165 

CP79-332 

CP69-1052 

492 

460 

30 

69 

7 

79 

3 

77 

XL85-0226 

CP79-332 

CP70-321 

937 

852 

57 

69 

8 

63 

6 

77 

XL85-0162 

CP79-332 

CP72-355 

537 

521 

35 

73 

6 

71 

2 

61 

XL85-0129 

CP79-332 

CP73-351 

708 

698 

29 

43 

8 

71 

6 

83 

XL85-0212 

CP79-332 

CP76-331 

223 

223 

20 

87 

1 

41 

0 

25 

XL85-0234 

CP79-332 

LCP81-030 

187 

176 

10 

58 

1 

47 

1 

74 

XL85-0127 

CP79-348 

CP69-373 

505 

467 

14 

23 

0 

16 

0 

25 

XL85-0023 

CP79-348 

CP72-355 

301 

264 

14 

50 

2 

55 

1 

60 

XL85-0015 

CP79-348 

CP76-331 

481 

475 

28 

66 

3 

51 

0 

25 

XL85-0043 

CP79-348 

LCP81-030 

690 

634 

45 

73 

13 

89 

8 

91 

XL85-0322 

CP79-348 

LCP83-172 

235 

232 

26 

93 

6 

95 

3 

93 

XL85-0311 

CP79-348 

LCP83-198 

191 

189 

6 

27 

0 

16 

0 

25 

131 
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1 

1 

2 

2 

0 

I 

XL85-0307 

CP79-348 

L83-183 

239 

271 

10 

44 

3 

76 

2 

82 

XL85-0123 

CP80-313 

CP69-373 

175 

128 

26 

97 

4 

92 

2 

90 

XL85-0028 

CP80-313 

CP70-321 

91 

91 

4 

47 

0 

16 

0 

25 

XL85-0009 

CP80-313 

CP72-355 

467 

426 

25 

60 

6 

76 

1 

54 

XL85-0116 

CP80-313 

CP75-308 

96 

88 

3 

27 

0 

16 

0 

25 

XL85-0031 

CP80-313 

CP80-323 

283 

246 

9 

30 

2 

55 

1 

60 

XL85-0236 

CP80-313 

LCP81-030 

162 

139 

4 

19 

1 

51 

0 

25 

XL85-0224 

CP80-319 

CP69-1052 

116 

105 

9 

82 

4 

98 

1 

83 

XL85-0279 

CP80-319 

CP76-301 

242 

221 

21 

86 

1 

41 

1 

63 

XL85-0231 

CP80-319 

CP77-310 

123 

123 

9 

78 

1 

59 

0 

25 

XL85-0178 

CP80-319 

LCP81-030 

242 

222 

9 

35 

1 

41 

1 

63 

XL85-0258 

CP80-323 

CP73-351 

245 

219 

22 

87 

3 

74 

2 

82 

XL85-0087 

CP80-324 

CP77-310 

70 

70 

1 

8 

0 

16 

0 

25 

XL85-0134 

CP80-328 

CP70-321 

474 

415 

28 

67 

6 

76 

2 

65 

XL85-0164 

CP80-328 

CP72-355 

210 

190 

23 

93 

3 

79 

2 

85 

XL85-0280 

CP80-328 

CP76-301 

222 

225 

25 

95 

1 

47 

0 

25 

XL85-0213 

CP80-328 

CP76-331 

166 

152 

5 

25 

0 

16 

0 

25 

XL85-0150 

CP80-328 

LCP81-030 

261 

215 

10 

37 

1 

41 

0 

25 

XL85-0281 

CP80-351 

CP66-346 

253 

218 

32 

96 

9 

98 

2 

81 

XL85-0142 

CP80-351 

CP74-2013 

233 

199 

12 

57 

1 

41 

1 

66 

XL85-0262 

CP80-351 

CP76-301 

249 

205 

24 

90 

6 

93 

1 

62 

XL85-0220 

CP80-351 

LCP81-030 

238 

201 

24 

91 

6 

94 

3 

93 

XL85-0082 

CP80-352 

CP70-321 

438 

348 

16 

35 

5 

71 

3 

78 

XL85-0113 

CP80-352 

CP73-351 

472 

414 

16 

32 

1 

33 

1 

54 

XL85-0214 

CP80-352 

CP76-301 

248 

234 

23 

88 

5 

90 

4 

98 

XL85-0086 

CP80-352 

CP77-310 

68 

60 

2 

24 

1 

82 

0 

25 

XL85-0160 

CP80-356 

CP62-258 

485 

444 

27 

64 

0 

16 

0 

25 

XL85-0250 

CP80-356 

CP66-346 

218 

212 

5 

17 

0 

16 

0 

25 

XL85-0237 

CP80-356 

CP67-412 

432 

350 

8 

11 

1 

33 

0 

25 

XL85-0255 

CP80-356 

CP69-1052 

243 

235 

18 

80 

0 

16 

0 

25 

XL85-0135 

CP80-356 

CP70-321 

223 

218 

11 

53 

1 

41 

0 

25 

XL85-0267 

CP80-356 

CP72-1312 

245 

210 

11 

48 

1 

41 

0 

25 

XL85-0094 

CP80-356 

CP73-351 

400 

400 

9 

17 

0 

16 

0 

25 

XL85-0143 

CP80-356 

CP74-2013 

238 

193 

27 

95 

2 

59 

0 

25 

XL85-0040 

CP80-356 

LCP81-030 

429 

426 

13 

25 

1 

33 

0 

25 

XL85-0264 

CP80-356 

LCP82-089 

230 

207 

0 

2 

0 

16 

0 

25 

XL85-0200 

CP80-356 

L75-002 

381 

333 

6 

9 

4 

67 

1 

58 

XL85-0298 

CP80-360 

CP76-331 

215 

186 

16 

80 

3 

79 

1 

71 

XL85-0316 

CP80-360 

LCP81-030 

145 

114 

8 

62 

0 

16 

0 

25 

XL85-0016 

CP81-307 

CP57-614 

234 

226 

5 

14 

0 

16 

0 

25 

XL85-0002 

CP81-307 

CP74-2013 

214 

212 

15 

75 

0 

16 

0 

25 

XL85-0313 

CP81-311 

L83-194 

204 

182 

15 

80 

2 

67 

2 

87 

XL85-0318 

CP82-528 

L78-063 

234 

228 

6 

21 

1 

41 

0 

25 

XL85-0310 

CP82-559 

LCP83-198 

226 

191 

18 

83 

3 

76 

1 

68 

132 


Table   5  continued, 
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S 

U 

0 
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R 
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E 
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I 

L 

P 

L 
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V 

N 

I 
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C 
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0 
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T 

N 

T 

N 
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C 
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S 
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L 
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E 

E 

S 

E 

S 

N 

S 

S 

E 

E 

E 

R 

1 

1 

2 

2 

0 

I 

XL85-0122 

LCP81-005 

CP62-258 

86 

86 

5 

66 

0 

16 

0 

25 

XL85-0130 

LCP81-005 

CP73-351 

522 

463 

16 

27 

5 

67 

1 

52 

XL85-0093 

LCP81-005 

CP76-331 

65 

65 

4 

70 

0 

16 

0 

25 

XL85-0153 

LCP81-005 

LCP81-030 

494 

494 

32 

73 

3 

51 

1 

53 

XL85-0185 

LCP81-009 

CP70-321 

223 

222 

4 

10 

1 

41 

1 

69 

XL85-0235 

LCP81-009 

LCP81-030 

225 

220 

8 

33 

2 

63 

1 

68 

XL85-0287 

LCP81-010 

LCP83-133 

231 

206 

23 

90 

1 

41 

0 

25 

XL85-0131 

LCP81-012 

CP73-351 

204 

189 

11 

60 

4 

90 

2 

87 

XL85-0180 

LCP81-012 

LCP81-030 

240 

222 

27 

95 

6 

94 

3 

93 

XL85-0208 

LCP81-018 

CP67-412 

128 

127 

3 

17 

0 

16 

0 

25 

XL85-0184 

LCP81-018 

CP70-321 

157 

149 

5 

30 

1 

51 

0 

25 

XL85-0282 

LCP81-018 

CP76-331 

213 

185 

0 

2 

0 

16 

0 

25 

XL85-0136 

LCP81-023 

CP70-321 

235 

230 

8 

32 

0 

16 

0 

25 

XL85-0241 

LCP82-033 

CP67-412 

115 

103 

8 

75 

0 

16 

0 

25 

XL85-0163 

LCP82-033 

CP72-355 

261 

224 

12 

49 

4 

82 

1 

61 

XL85-0215 

LCP82-033 

CP76-301 

215 

188 

13 

68 

3 

79 

1 

71 

XL85-0232 

LCP82-033 

CP77-310 

222 

211 

26 

96 

6 

96 

0 

25 

XL85-0221 

LCP82-033 

LCP81-030 

286 

223 

2 

5 

0 

16 

0 

25 

XL85-0177 

LCP82-045 

LCP81-030 

225 

222 

7 

27 

2 

63 

1 

68 

XL85-0115 

LCP82-046 

CP72-355 

204 

183 

17 

84 

4 

90 

2 

87 

XL85-0081 

LCP82-046 

LCP81-030 

469 

465 

9 

11 

4 

63 

2 

66 

XL85-0225 

LCP82-047 

CP69-1052 

502 

276 

66 

99 

8 

96 

4 

97 

XL85-0183 

LCP82-047 

CP70-321 

250 

250 

0 

2 

0 

16 

0 

25 

XL85-0152 

LCP82-047 

LCP81-030 

199 

199 

5 

19 

2 

67 

2 

87 

XL85-0242 

LCP82-057 

CP67-412 

219 

195 

3 

8 

0 

16 

0 

25 

XL85-0274 

LCP82-057 

CP70-321 

87 

78 

14 

98 

2 

92 

1 

90 

XL85-0188 

LCP82-058 

CP69-1052 

202 

175 

10 

54 

0 

16 

0 

25 

XL85-0219 

LCP82-058 

CP70-321 

170 

141 

18 

92 

2 

74 

2 

91 

XL85-0211 

LCP82-058 

CP76-331 

180 

142 

0 

2 

0 

16 

0 

25 

XL85-0271 

LCP82-064 

CP70-321 

89 

83 

4 

48 

0 

16 

0 

25 

XL85-0260 

LCP82-064 

CP76-301 

126 

120 

7 

64 

2 

83 

2 

96 

XL85-0181 

LCP82-064 

LCP81-030 

115 

123 

3 

21 

0 

16 

0 

25 

XL85-0141 

LCP82-073 

CP72-355 

175 

169 

4 

17 

0 

16 

0 

25 

XL85-0078 

LCP82-073 

LCP81-030 

484 

425 

11 

17 

0 

16 

0 

25 

XL85-0238 

LCP82-089 

CP67-412 

203 

186 

4 

12 

0 

16 

0 

25 

XL85-0265 

LCP82-089 

LCP82-089 

51 

35 

1 

12 

0 

16 

0 

25 

XL85-0108 

LCP82-097 

CP70-321 

47 

33 

3 

71 

0 

16 

0 

25 

XL85-0100 

LCP82-097 

CP72-2086 

206 

149 

8 

39 

1 

47 

0 

25 

XL85-0079 

LCP82-097 

LCP81-030 

202 

156 

13 

71 

3 

82 

1 

74 

XL85-0331 

LCP83-129 

LCP81-030 

129 

124 

11 

85 

1 

59 

1 

80 

XL85-0325 

LCP83-154 

LCP81-030 

155 

50 

10 

73 

3 

89 

2 

94 

XL85-0315 

LCP83-163 

CP77-402 

210 

173 

10 

51 

3 

79 

2 

85 

XL85-0204 

L65-069 

CP57-614 

223 

170 

6 

22 

0 

16 

0 

25 

XL85-0074 

L65-069 

CP67-412 

173 

117 

18 

91 

1 

51 

0 

25 

133 


Table  5  continued, 
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T 
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T 
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s 

L 

L 
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E 

S 
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S 
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E 

E 

E 

R 
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1 

2 

2 

0 

I 

XL85 

-0145 

L65- 

•069 

CP76-301 

204 

153 

8 

39 

2 

67 

1 

73 

XL85 

-0158 

L75- 

002 

85P2 

69 

67 

4 

66 

0 

16 

0 

25 

XL85 

-0161 

L79- 

•034 

CP72-355 

450 

386 

18 

41 

1 

33 

0 

25 

XL85 

-0243 

L79- 

034 

L82-107 

191 

182 

22 

96 

2 

67 

0 

25 

XL85 

-0080 

L80- 

035 

LCP81-030 

219 

195 

24 

93 

0 

16 

0 

25 

XL83 

-0203 

L80- 

040 

CP62-258 

435 

411 

31 

76 

5 

71 

1 

57 

XL85 

-0199 

L82- 

107 

CP69-373 

127 

114 

12 

88 

2 

83 

0 

25 

XL85 

-0244 

L82- 

107 

L82-107 

50 

46 

5 

90 

0 

16 

0 

25 

XL85 

-0227 

US74 

-90 

CP70-321 

66 

66 

2 

25 

0 

16 

0 

25 

XL85- 

-0205 

US74 

-90 

CP73-351 

243 

225 

0 

2 

0 

16 

0 

25 

XL85 

-0083 

US77 

-17 

CP70-321 

451 

456 

20 

47 

2 

41 

1 

56 

XL85- 

-0175 

US77 

-17 

LCP81-030 

236 

236 

8 

32 

1 

41 

0 

25 

73196   62933   3495 


602 


253 


134 


Table  6.  List  of  crosses  of  the  1986  crossing  series,  the  number  advanced  and 
the  rank  percentile  based  upon  percent  of  the  surviving  seedlings  that  were 
advanced  through  second  line  trials. 
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R 
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c 
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R 
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L 

P 

R 
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M 
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N 

I 
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A 

A 
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N 

T 

N 

T 

S 

L 

L 
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E 

S 

E 

S 
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E 

E 

E 
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1 

1 

2 

2 

XL85 

-149 

COLD 

T0L 

LCP81-030 

139 

136 

13 

86 

7 

97 

XL86 

-136 

CP48 

-103 

CP48- 

103 

202 

135 

0 

11 

XL84 

-221 

CP48 

-103 

CP62- 

•258 

1159 

702 

31 

22 

9 

42 

XL83 

-157 

CP48 

-103 

CP77- 

310 

224 

134 

9 

41 

2 

49 

XL86 

-040 

CP48 

-103 

LCP8] 

.-030 

243 

171 

46 

98 

2 

42 

XL86- 

■091 

CP48- 

-103 

L83-194 

243 

205 

7 

24 

4 

67 

XL85 

-050 

CP52 

-068 

CP75- 

308 

196 

155 

6 

27 

0 

11 

XL86- 

■051 

CP57- 

-614 

CP57- 

614 

249 

172 

20 

79 

1 

27 

XL86 

-255 

CP61- 

-037 

CP69- 

1052 

174 

134 

7 

41 

2 

55 

XL86- 

-204 

CP61- 

-037 

CP73- 

351 

262 

214 

11 

45 

3 

55 

XL86- 

-176 

CP61- 

-037 

CP77- 

310 

247 

209 

4 

8 

2 

42 

XL86- 

•345 

CP61- 

-037 

CP82- 

520 

77 

63 

8 

91 

3 

95 

XL86- 

-154 

CP61- 

-037 

LCP8z 

1-047 

217 

161 

20 

85 

3 

63 

XL86- 

-230 

CP61- 

•037 

LCP82 

-089 

243 

153 

12 

56 

2 

42 

XL86- 

-315 

CP61- 

-037 

LCP8^ 

^239 

199 

140 

16 

79 

5 

84 

XL86- 

143 

CP62- 

•258 

CP62- 

258 

173 

130 

0 

11 

XL86- 

-121 

CP65- 

■357 

CP48- 

103 

227 

202 

4 

9 

2 

49 

XL86- 

-308 

CP65- 

■357 

CP57- 

614 

216 

189 

12 

61 

6 

86 

XL85- 

-196 

CP65- 

■357 

CP62- 

258 

368 

245 

17 

51 

12 

91 

XL84- 

•270 

CP65- 

•357 

CP72- 

2086 

220 

195 

3 

7 

3 

63 

XL86- 

-274 

CP65- 

■357 

CP76- 

331 

236 

201 

25 

91 

8 

92 

XL83- 

108 

CP65- 

•357 

CP77- 

402 

512 

367 

10 

11 

5 

53 

XL86- 

-177 

CP65- 

•357 

CP80- 

323 

245 

223 

28 

93 

4 

67 

XL86- 

102 

CP65- 

357 

CP81- 

325 

220 

160 

5 

17 

2 

49 

XL86- 

-317 

CP65- 

•357 

CP83- 

657 

213 

173 

7 

31 

2 

49 

XL83- 

212 

CP65- 

■357 

LCP81 

-030 

372 

147 

21 

61 

2 

33 

XL86- 

-214 

CP65- 

•357 

LCP82 

-089 

243 

227 

8 

31 

3 

57 

XL84- 

-273 

CP65- 

•357 

L65-069 

834 

558 

39 

52 

3 

27 

XL86- 

-089 

CP65- 

-357 

L83-194 

225 

176 

12 

59 

0 

11 

XL86- 

■311 

CP65- 

•357 

L84-290 

227 

177 

5 

16 

2 

49 

XL86- 

-141 

CP66- 

-346 

CP66- 

346 

244 

199 

5 

11 

0 

11 

XL86- 

180 

CP70- 

-300 

CP72- 

370 

238 

171 

12 

58 

5 

80 

XL85- 

-247 

CP70- 

-321 

CP66- 

346 

182 

145 

13 

76 

7 

94 

XL86- 

■297 

CP70- 

•321 

86P5 

187 

148 

0 

11 

XL83- 

■047 

CP70- 

■330 

CP67- 

412 

106 

68 

2 

9 

0 

11 

XL86- 

•132 

CP70- 

•330 

CP72- 

355 

246 

192 

20 

80 

5 

77 

XL86- 

•163 

CP70- 

-330 

CP74- 

383 

242 

190 

4 

8 

1 

27 

XL86- 

•247 

CP70- 

•330 

CP80- 

313 

167 

136 

9 

60 

2 

57 

XL85- 

-110 

CP70- 

■330 

LCP8] 

-030 

1150 

824 

38 

31 

9 

42 

XL86- 

172 

CP70- 

•330 

LCP82 

-058 

248 

201 

9 

34 

1 

27 

XL86- 

-273 

CP70- 

-330 

LCP82 

-089 

202 

167 

4 

11 

1 

33 

XL86- 

•019 

CP70- 

•330 

LCP82 

-158 

230 

153 

17 

77 

6 

85 

Table  6  continued. 
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S 
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1 

1 

2 

2 

XL84 

-279 

CP70 

-330 

L75-002 

366 

285 

16 

49 

1 

24 

XL86 

-160 

CP70 

-330 

L77-038 

234 

197 

10 

47 

0 

11 

XL86 

-164 

CP72 

-1210 

CP74- 

-383 

249 

200 

12 

53 

0 

11 

XL86- 

-110 

CP72 

-1210 

86P3 

197 

143 

2 

3 

0 

11 

XL86 

-322 

CP72 

-1312 

CP72- 

•1312 

227 

186 

6 

20 

2 

49 

XL86- 

-152 

CP72- 

-1312 

LCP8i 

!-046 

240 

163 

1 

1 

0 

11 

XL86 

-111 

CP72 

-1312 

86P3 

247 

206 

8 

29 

0 

11 

XL86- 

•359 

CP72 

-1312 

86P7 

163 

139 

8 

56 

5 

89 

XL84 

-256 

CP72 

-355 

CP67- 

■412 

1158 

886 

23 

11 

10 

49 

XL86- 

-033 

CP72- 

-355 

CP72- 

355 

224 

159 

11 

56 

2 

49 

XL83- 

-161 

CP72 

-355 

CP77- 

310 

778 

559 

50 

68 

18 

81 

XL84- 

-202 

CP72- 

-355 

LCP81 

.-030 

222 

190 

12 

60 

2 

49 

XL86- 

-001 

CP72 

-355 

86P1 

165 

110 

6 

34 

2 

57 

XL86- 

■006 

CP72- 

-355 

86P2 

232 

181 

29 

95 

10 

96 

XL86- 

-157 

CP72- 

-355 

86P3 

234 

201 

11 

52 

1 

27 

XL86- 

•183 

CP72- 

-355 

86P4 

240 

206 

21 

82 

3 

61 

XL84- 

•251 

CP72- 

-370 

CP62- 

258 

195 

151 

17 

81 

6 

89 

XL85- 

•097 

CP72- 

•370 

CP73- 

351 

193 

152 

13 

72 

6 

89 

XL85- 

-111 

CP72- 

-370 

LCP81 

.-030 

156 

127 

13 

80 

6 

94 

XL83- 

•116 

CP72- 

■370 

L65-069 

330 

244 

10 

25 

4 

57 

XL86- 

-049 

CP73- 

-340 

CP57- 

614 

226 

168 

23 

89 

6 

86 

XL86- 

003 

CP73- 

•340 

86P1 

220 

189 

30 

96 

15 

99 

XL86- 

-235 

CP73- 

-345 

CP77- 

407 

420 

360 

37 

82 

15 

93 

XL84- 

283 

CP73- 

■345 

LCP81 

-030 

238 

196 

15 

66 

5 

80 

XL86- 

•298 

CP73- 

■351 

86P5 

107 

107 

11 

90 

2 

74 

XL86- 

253 

CP74- 

•328 

CP73- 

351 

175 

98 

7 

41 

2 

55 

XL86- 

•036 

CP74- 

-328 

LCP81 

-030 

238 

189 

29 

95 

10 

96 

XL86- 

185 

CP74- 

328 

86P4 

228 

182 

0 

11 

XL86- 

■117 

CP74- 

•383 

CP74- 

2013 

243 

228 

14 

63 

2 

42 

XL86- 

•046 

CP74- 

■383 

CP74- 

328 

240 

176 

27 

92 

2 

42 

XL86- 

•027 

CP74- 

•383 

CP76- 

331 

239 

216 

16 

72 

6 

84 

XL83- 

218 

CP74- 

383 

LCP81 

-030 

219 

128 

7 

29 

0 

11 

XL84- 

•168 

CP74- 

•383 

LCP81 

-030 

165 

133 

5 

25 

0 

11 

XL86- 

063 

CP74- 

383 

LCP81 

-030 

190 

127 

4 

14 

1 

33 

XL86- 

•090 

CP74- 

•383 

L83-194 

245 

186 

22 

83 

8 

91 

XL86- 

010 

CP75- 

1091 

86P2 

236 

175 

15 

68 

1 

27 

XL85- 

•132 

CP75- 

•308 

CP70- 

321 

230 

166 

1 

1 

0 

11 

XL86- 

232 

CP75- 

327 

CP73- 

351 

210 

177 

8 

37 

0 

11 

XL86- 

•127 

CP75- 

•361 

LCP81 

-030 

234 

169 

17 

77 

2 

49 

XL84- 

218 

CP76- 

331 

CP62- 

258 

166 

143 

7 

45 

4 

82 

XL86- 

•016 

CP76- 

•331 

CP76- 

331 

116 

81 

6 

59 

0 

11 

XL86- 

114 

CP76- 

331 

86P3 

147 

123 

0 

11 

XL86- 

•054 

CP77- 

•310 

CP77- 

310 

252 

193 

17 

72 

5 

77 

XL86- 

045 

CP77- 

402 

CP77- 

402 

230 

153 

7 

25 

2 

49 

136 
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1 
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2 

2 

XL85 

-140 

CP77 

-405 

CP72 

-355 

474 

236 

10 

14 

1 

23 

XL86 

-197 

CP77 

-405 

CP80- 

-323 

215 

137 

8 

36 

2 

49 

XL86 

-004 

CP77 

-405 

86P1 

220 

110 

9 

43 

2 

49 

XL86 

-120 

CP77 

-405 

86P3 

224 

135 

1 

1 

0 

11 

XL86 

-191 

CP77 

-405 

86P4 

244 

213 

3 

4 

2 

42 

XL86 

-203 

CP77 

-407 

CP72- 

•370 

25 

10 

XL86 

-236 

CP77 

-407 

CP77- 

-407 

220 

151 

7 

29 

0 

11 

XL86 

-190 

CP77 

-407 

86P4 

253 

226 

11 

47 

4 

67 

XL86 

-072 

CP77 

-414 

CP74- 

-1094 

241 

191 

0 

11 

XL85- 

-076 

CP77 

-414 

LCP8] 

.-030 

198 

162 

6 

25 

3 

65 

XL86 

-131 

CP78 

-317 

CP72- 

-355 

253 

232 

0 

11 

XL86- 

-137 

CP78 

-317 

CP73- 

343 

235 

202 

48 

99 

27 

99 

XL83 

-104 

CP78 

-317 

CP76- 

•301 

758 

588 

2 

0 

1 

22 

XL86- 

•055 

CP78- 

-317 

CP76- 

331 

249 

190 

38 

97 

6 

82 

XL86- 

-057 

CP78 

-317 

CP76- 

•331 

9 

3 

XL86- 

-166 

CP78- 

-317 

CP78- 

357 

236 

215 

6 

19 

6 

84 

XL84- 

-222 

CP78 

-317 

LCP81 

.-030 

456 

323 

26 

62 

7 

65 

XL86- 

■138 

CP78- 

-317 

LCP8] 

.-030 

1081 

984 

69 

68 

30 

86 

XL86- 

-018 

CP78- 

-317 

L75-056 

198 

180 

13 

71 

5 

84 

XL84- 

•198 

CP78- 

-357 

CP73- 

351 

197 

165 

2 

3 

0 

11 

XL84- 

-278 

CP78- 

-357 

CP77- 

407 

579 

474 

20 

33 

11 

74 

XL86- 

•167 

CP78- 

■357 

CP78- 

357 

146 

127 

4 

22 

1 

37 

XL86- 

-158 

CP78- 

-357 

86P3 

237 

183 

17 

77 

6 

84 

XL83- 

096 

CP79- 

■301 

CP69- 

373 

475 

281 

30 

66 

15 

90 

XL83- 

-105 

CP79- 

-311 

CP76- 

301 

221 

130 

8 

34 

1 

33 

XL83- 

219 

CP79- 

■311 

LCP81 

-030 

376 

295 

14 

36 

3 

42 

XL84- 

•231 

CP79- 

■318 

CP70- 

321 

209 

188 

9 

47 

0 

11 

XL86- 

108 

CP79- 

318 

CP74- 

2013 

235 

209 

6 

20 

4 

70 

XL86- 

•199 

CP79- 

•318 

CP75- 

1082 

240 

197 

7 

24 

4 

70 

XL85- 

147 

CP79- 

318 

LCP81 

-030 

657 

502 

38 

63 

9 

63 

XL86- 

•216 

CP79- 

•318 

LCP82 

-089 

252 

220 

29 

93 

8 

90 

XL86- 

146 

CP79- 

318 

LCP82 

-126 

239 

212 

20 

81 

9 

94 

XL86- 

■193 

CP79- 

■318 

86P4 

237 

176 

16 

73 

3 

61 

XL83- 

057 

CP79- 

332 

CP62- 

258 

341 

276 

15 

49 

6 

73 

XL85- 

•197 

CP79- 

■332 

CP62- 

258 

953 

953 

0 

11 

XL85- 

226 

CP79- 

332 

CP70- 

321 

322 

291 

. 

0 

11 

XL86- 

•124 

CP79- 

■332 

CP73- 

343 

245 

224 

5 

11 

4 

67 

XL86- 

162 

CP79- 

332 

CP74- 

383 

232 

212 

30 

96 

4 

70 

XL86- 

198 

CP79- 

■332 

CP75- 

1082 

237 

194 

11 

51 

3 

61 

XL84- 

299 

CP79- 

332 

CP75- 

308 

1102 

1015 

53 

53 

18 

67 

XL86- 

074 

CP79- 

332 

CP76- 

331 

214 

206 

13 

65 

1 

33 

XL86- 

139 

CP79- 

332 

LCP81 

-030 

251 

223 

23 

85 

2 

42 

XL86- 

215 

CP79- 

332 

LCP82 

-089 

253 

215 

10 

41 

6 

82 

XL86- 

148 

CP79- 

332 

L78-063 

255 

210 

14 

61 

5 

77 
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1 

1 

2 

2 

XL86-013 

CP79-348 

LCP81-030 

252 

221 

24 

86 

5 

77 

XL86-030 

CP79-348 

L75-056 

248 

204 

10 

41 

2 

42 

XL86-071 

CP80-313 

CP74-328 

188 

127 

17 

83 

0 

11 

XL86-122 

CP80-313 

CP76-331 

204 

174 

6 

24 

1 

33 

XL84-254 

CP80-313 

LCP81-030 

510 

357 

26 

58 

5 

53 

XL86-238 

CP80-313 

LCP81-030 

227 

197 

14 

66 

1 

27 

XL86-144 

CP80-313 

L77-038 

205 

178 

12 

64 

4 

77 

XL86-002 

CP80-313 

86P1 

128 

88 

5 

38 

1 

42 

XL86-007 

CP80-313 

86P2 

251 

160 

5 

11 

1 

27 

XL86-119 

CP80-313 

86P3 

138 

124 

19 

97 

1 

37 

XL86-189 

CP80-313 

86P4 

247 

177 

16 

69 

4 

67 

XL86-295 

CP80-313 

86P5 

166 

143 

7 

45 

1 

36 

XL84-203 

CP80-329 

LCP81-030 

168 

152 

10 

65 

2 

57 

XL86-032 

CP80-356 

CP72-355 

229 

183 

16 

75 

1 

27 

XL86-042 

CP80-356 

CP77-402 

233 

171 

10 

47 

1 

27 

XL86-207 

CP81-325 

CP72-355 

237 

210 

11 

51 

4 

70 

XL86-234 

CP81-329 

CP73-351 

249 

209 

38 

97 

3 

57 

XL86-159 

CP81-329 

86P3 

241 

192 

0 

11 

XL86-069 

CP81-332 

CP57-614 

221 

173 

22 

88 

4 

73 

XL86-058 

CP81-332 

CP76-331 

149 

142 

6 

41 

2 

61 

XL86-202 

CP81-332 

CP80-323 

178 

136 

7 

38 

1 

36 

XL86-125 

CP81-332 

LCP83-133 

155 

145 

11 

76 

2 

61 

XL86-332 

CP82-512 

L84-229 

239 

216 

6 

19 

0 

11 

XL86-062 

CP82-513 

LCP81-030 

249 

202 

0 

11 

XL86-326 

CP82-519 

86P6 

164 

152 

15 

84 

9 

97 

XL86-178 

CP82-527 

CP80-323 

248 

200 

17 

74 

5 

77 

XL86-123 

CP82-537 

CP76-331 

225 

205 

7 

27 

4 

73 

XL86-188 

CP82-537 

86P4 

241 

209 

10 

43 

3 

57 

XL86-320 

CP82-552 

CP72-1312 

236 

215 

24 

89 

1 

27 

XL86-196 

CP82-559 

CP80-323 

249 

229 

16 

68 

6 

82 

XL86-307 

CP83-606 

CP57-614 

224 

191 

15 

72 

5 

80 

XL86-346 

CP83-626 

CP82-520 

142 

134 

17 

94 

7 

96 

XL86-330 

CP83-626 

86P6 

202 

175 

12 

64 

6 

88 

XL86-300 

CP83-628 

L84-261 

169 

142 

4 

18 

0 

11 

XL86-310 

CP83-628 

L84-290 

191 

160 

0 

11 

XL86-309 

CP83-634 

L84-290 

244 

217 

8 

31 

1 

27 

XL86-299 

CP83-644 

L84-261 

172 

145 

16 

85 

7 

95 

XL84-226 

CP86-338 

LCP81-030 

. 

26 

9 

, 

XL84-224 

LCP81-005 

LCP81-030 

554 

398 

18 

29 

4 

37 

XL86-083 

LCP81-010 

CP72-355 

242 

199 

11 

50 

7 

87 

XL86-116 

LCP81-010 

CP74-2013 

240 

184 

5 

14 

0 

11 

XL86-073 

LCP81-010 

CP76-331 

227 

197 

16 

75 

13 

98 

XL86-077 

LCP81-010 

LCP81-030 

248 

156 

22 

83 

1 

27 

XL86-213 

LCP81-010 

LCP82-089 

231 

190 

27 

94 

13 

98 
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1 

1 

2 

2 

XL86 

-039 

LCP81 

-010 

L75-056 

249 

227 

3 

4 

2 

42 

XL84 

-310 

LCP81 

-012 

CP70- 

321 

20 

20 

2 

88 

0 

11 

XL84 

-244 

LCP81 

-023 

L65-069 

1047 

780 

42 

41 

18 

70 

XL86 

-017 

LCP81 

-030 

LCP81 

-030 

206 

181 

9 

49 

4 

74 

XL86 

-113 

LCP81 

-030 

86P3 

236 

212 

0 

11 

XL86 

-128 

LCP82 

-046 

LCP81 

-030 

242 

216 

5 

14 

1 

27 

XL85 

-183 

LCP82 

-047 

CP70- 

321 

421 

306 

13 

27 

1 

23 

XL86 

-155 

LCP82 

-047 

LCP82 

-047 

210 

156 

4 

9 

0 

11 

XL86 

-254 

LCP82 

-058 

CP69- 

1052 

200 

173 

14 

75 

4 

77 

XL85- 

-211 

LCP82 

-058 

CP76- 

331 

166 

104 

7 

45 

3 

73 

XL86 

-296 

LCP82 

-089 

86P5 

153 

114 

2 

6 

2 

61 

XL86- 

-028 

LCP82 

-094 

CP76- 

331 

209 

190 

64 

99 

2 

53 

XL86 

-015 

LCP82 

-094 

LCP81 

-030 

243 

210 

28 

93 

0 

11 

XL86- 

-020 

LCP82- 

-094 

LCP83 

-158 

240 

207 

23 

87 

2 

42 

XL86 

-099 

LCP82 

-094 

L78-063 

246 

187 

14 

62 

0 

11 

XL86- 

■186 

LCP82- 

-094 

86P4 

243 

193 

12 

56 

4 

67 

XL86- 

-034 

LCP83 

-119 

LCP81 

-030 

218 

158 

9 

43 

3 

63 

XL86- 

-005 

LCP83- 

■119 

86P1 

242 

195 

5 

14 

0 

11 

XL86- 

-147 

LCP83- 

-126 

LCP83 

-126 

167 

108 

11 

71 

1 

36 

XL86- 

•052 

LCP83- 

•133 

CP77- 

310 

240 

191 

5 

14 

1 

27 

XL86- 

-041 

LCP83- 

-135 

LCP81 

-030 

232 

148 

22 

86 

7 

88 

XL86- 

•096 

LCP83- 

•135 

LCP83 

-135 

232 

144 

6 

20 

2 

49 

XL86- 

■Oil 

LCP83- 

-140 

CP76- 

331 

246 

222 

3 

4 

2 

42 

XL86- 

044 

LCP83- 

•140 

CP77- 

402 

239 

134 

18 

78 

8 

91 

XL86- 

-078 

LCP83- 

-154 

LCP81 

-030 

244 

136 

10 

43 

0 

11 

XL86- 

187 

LCP83- 

■154 

86P4 

166 

139 

0 

11 

XL86- 

-031 

LCP83- 

■165 

CP72- 

355 

234 

202 

6 

20 

2 

49 

XL86- 

023 

LCP83- 

•165 

CP76- 

331 

236 

159 

9 

37 

1 

27 

XL86- 

-014 

LCP83- 

■165 

LCP81 

-030 

246 

197 

25 

89 

9 

93 

XL86- 

•095 

LCP83- 

•165 

LCP83 

-135 

242 

171 

16 

71 

8 

91 

XL86- 

•251 

LCP83- 

•179 

CP80- 

356 

227 

140 

8 

33 

3 

61 

XL86- 

241 

LCP83- 

179 

LCP81 

-030 

248 

220 

28 

92 

5 

77 

XL86- 

■327 

LCP84- 

•222 

86P6 

154 

131 

7 

50 

3 

74 

XL86- 

100 

LCP86- 

391 

L78-063 

206 

168 

6 

24 

0 

11 

XL86- 

■092 

LCP86- 

•391 

L83-194 

239 

118 

3 

6 

2 

42 

XL83- 

117 

L65-069 

L65-069 

1252 

665 

15 

4 

6 

33 

XL84- 

■252 

L77-038 

CP62- 

258 

897 

708 

44 

56 

11 

57 

XL86- 

145 

L77-038 

L77-038 

233 

170 

6 

20 

2 

49 

XL83- 

■204 

L78-035 

CP62- 

258 

199 

126 

8 

41 

0 

11 

XL86- 

101 

L78-063 

L78-063 

186 

110 

3 

8 

0 

11 

XL86- 

•192 

L78-063 

86P4 

246 

185 

12 

56 

4 

67 

XL86- 

222 

L79-012 

CP73- 

351 

238 

178 

0 

11 

XL83- 

•185 

L79-018 

LCP81 

-026 

219 

129 

5 

17 

1 

33 

XL83- 

197 

L79-018 

L79-018 

. 

. 

70 

20 

139 
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1 

1 

2 

2 

XL84-169 

L80-035 

LCP81-030 

399 

147 

17 

47 

6 

65 

XL83-203 

L80-040 

CP62-258 

1066 

670 

26 

18 

0 

11 

XL84-298 

L80-35 

L75-002 

939 

604 

46 

56 

21 

80 

XL86-210 

L83-193 

LCP81-030 

221 

165 

14 

66 

1 

33 

XL86-048 

L83-194 

CP57-614 

218 

140 

22 

88 

1 

33 

XL86-205 

L83-194 

CP73-351 

231 

205 

6 

20 

2 

49 

XL86-093 

L83-194 

L83-194 

219 

114 

2 

2 

0 

11 

XL86-285 

L84-218 

CP74-383 

200 

174 

13 

69 

4 

77 

XL86-291 

L84-218 

L84-273 

163 

137 

8 

56 

0 

11 

XL86-306 

L84-224 

CP74-383 

149 

112 

2 

6 

1 

37 

XL86-290 

L84-224 

L84-273 

172 

124 

1 

2 

0 

11 

XL86-293 

L84-244 

CP83-646 

195 

170 

7 

34 

2 

53 

XL86-304 

L84-244 

L84-262 

232 

209 

8 

32 

4 

70 

XL86-325 

L84-253 

86P6 

116 

98 

9 

78 

2 

70 

XL86-305 

L84-262 

L84-262 

97 

69 

2 

14 

0 

11 

XL86-354 

L84-263 

86P7 

196 

168 

7 

34 

1 

33 

XL86-331 

L84-288 

86P6 

64 

50 

2 

27 

0 

11 

XL83-103 

US77-017 

CP77-310 

868 

485 

32 

36 

10 

57 

65336   50097   3238 
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Table  7.  List  of  crosses  of  the  1987  crossing  series,  the  number  advanced  and 
the  rank  percentile  based  upon  percent  of  the  surviving  seedlings  that  were 
advanced  through  first  line  trials. 
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1 

1 

XL84-221 

CP48-103 

CP62-258 

245 

185 

18 

88 

XL87-325 

CP48-103 

CP62-258 

94 

70 

0 

15 

XL83-157 

CP48-103 

CP77-310 

459 

339 

17 

65 

XL83-188 

CP52-068 

CP62-258 

1331 

1033 

33 

52 

XL85-050 

CP52-068 

CP75-308 

108 

83 

5 

72 

XL86-079 

CP52-068 

LCP81-030 

234 

187 

11 

73 

XL86-082 

CP52-068 

LCP81-030 

377 

306 

2 

32 

XL87-144 

CP52-068 

LCP81-030 

210 

178 

14 

84 

XL87-348 

CP52-068 

LCP85-371 

245 

183 

15 

82 

XL84-054 

CP53-018 

CP77-310 

504 

331 

14 

56 

XL87-004 

CP57-614 

87P1 

175 

102 

0 

15 

XL87-102 

CP61-037 

CP67-412 

205 

173 

0 

15 

XL87-099 

CP61-037 

LCP81-010 

244 

186 

6 

52 

XX87-3166 

CP62-374 

US86-003 

115 

90 

0 

15 

XX87-3045 

CP62-374 

US86-006 

84 

70 

0 

15 

XX87-3037 

CP62-374 

US86-016 

104 

76 

0 

15 

XL85-137 

CP65-357 

CP67-412 

101 

84 

8 

90 

XL83-097 

CP65-357 

CP69-373 

234 

203 

0 

15 

XL85-124 

CP65-357 

CP69-373 

172 

152 

0 

15 

XL83-108 

CP65-357 

CP77-402 

237 

192 

16 

85 

XL87-056 

CP65-357 

CP77-402 

1562 

1385 

36 

49 

XL86-035 

CP65-357 

LCP81-030 

488 

340 

20 

69 

XL86-242 

CP65-357 

LCP81-030 

198 

173 

15 

89 

XL87-106 

CP65-357 

LCP81-030 

317 

290 

10 

60 

XX87-3036 

CP65-357 

US86-016 

142 

114 

0 

15 

XL84-288 

CP69-373 

CP67-412 

2306 

1771 

0 

15 

XL86-086 

CP70-300 

CP72-355 

1 

XL84-036 

CP70-300 

CP75-1082 

256 

189 

1 

31 

XL87-120 

CP70-300 

L78-063 

454 

250 

7 

41 

XL87-199 

CP70-300 

L84-261 

237 

206 

8 

62 

XL87-180 

CP70-300 

US77-010 

1313 

946 

0 

15 

XL87-204 

CP70-321 

CP73-343 

144 

102 

5 

63 

XL85-270 

CP70-330 

CP66-346 

216 

176 

5 

49 

XL85-139 

CP70-330 

CP67-412 

101 

74 

0 

15 

XL85-252 

CP70-330 

CP69-1052 

565 

352 

7 

39 

XL86-281 

CP70-330 

CP74-383 

405 

184 

4 

37 

XL85-278 

CP70-330 

CP76-301 

248 

162 

4 

42 

XL87-045 

CP70-330 

CP77-402 

230 

187 

19 

93 

XL85-186 

CP70-330 

CP77-407 

362 

291 

16 

71 

XL83-099 

CP70-330 

CP78-321 

453 

12 

54 

XL87-048 

CP70-330 

CP80-329 

289 

204 

15 

77 

XL87-143 

CP70-330 

LCP82-046 

74 

56 

0 

15 

Table  7  continued. 
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1 

1 

XL83-115 

CP71-1086 

L65-069 

964 

692 

10 

37 

XL83-118 

CP71-1194 

CP62-258 

940 

701 

26 

56 

XL83-135 

CP71-1194 

CP72-355 

914 

620 

14 

41 

XL83-136 

CP71-1240 

CP72-355 

688 

457 

9 

39 

XL87-338 

CP71-357 

L78-035 

243 

200 

17 

86 

XL85-259 

CP71-447 

CP76-301 

650 

459 

7 

38 

XL84-197 

CP72-  355 

CP67-412 

216 

99 

6 

56 

XL87-075 

CP72-1210 

CP73-343 

241 

176 

0 

15 

XL83-127 

CP72-355 

CP67-412 

236 

181 

21 

94 

XL87-136 

CP72-355 

CP72-355 

236 

184 

10 

70 

XL84-194 

CP72-370 

L65-069 

239 

175 

1 

31 

XL87-243 

CP72-370 

L84-262 

203 

147 

19 

96 

XX87-3144 

CP72-370 

US86-003 

87 

66 

0 

15 

XL87-190 

CP73-340 

CP80-323 

250 

220 

12 

74 

XL87-187 

CP73-343 

CP77-402 

240 

234 

0 

15 

XL87-094 

CP73-345 

CP48-103 

239 

174 

6 

52 

XL87-153 

CP73-345 

CP55-038 

250 

207 

13 

77 

XL87-085 

CP73-345 

CP75-1091 

178 

114 

2 

38 

XL87-132 

CP74-383 

CP48-103 

448 

327 

11 

52 

XL87-015 

CP74-383 

CP57-614 

. 

11 

XL87-097 

CP74-383 

CP72-1210 

6 

XL87-126 

CP74-383 

CP79-318 

239 

166 

0 

15 

XL87-092 

CP74-383 

CP81-332 

228 

143 

2 

35 

XL87-264 

CP74-383 

CP82-537 

234 

193 

14 

81 

XL87-107 

CP74-383 

LCP81-030 

460 

408 

27 

81 

XL87-266 

CP74-383 

LCP82-089 

231 

179 

17 

88 

XL87-343 

CP74-383 

LCP85-313 

223 

198 

21 

96 

XL87-027 

CP74-383 

L84-264 

252 

184 

7 

56 

XL87-082 

CP74-383 

87P2 

212 

169 

8 

66 

XL84-040 

CP75-1082 

CP57-1082 

444 

287 

3 

33 

XL86-200 

CP75-1082 

CP75-1082 

229 

130 

0 

15 

XL87-022 

CP75-1082 

CP75-1082 

431 

241 

7 

42 

XL87-206 

CP75-1082 

87P3 

209 

162 

19 

95 

XL87-086 

CP75-1091 

CP75-1091 

242 

125 

0 

15 

XL84-034 

CP75-1322 

CP77-310 

1032 

796 

42 

69 

XL85-253 

CP75-308 

CP69-1052 

229 

155 

4 

43 

XL83-120 

CP75-327 

CP67-412 

452 

388 

22 

76 

XL87-057 

CP75-327 

CP77-402 

1661 

1435 

67 

67 

XL87-071 

CP75-327 

L75-056 

231 

129 

8 

63 

XX87-3171 

CP75-327 

US82-031 

89 

80 

8 

95 

XL87-137 

CP75-361 

CP72-1210 

234 

138 

19 

91 

XL87-133 

CP75-361 

LCP81-030 

247 

211 

25 

97 

XL85-189 

CP76-301 

CP76-301 

226 

177 

8 

63 

XL84-258 

CP77-402 

L65-069 

944 

684 

7 

33 
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1 

XL87-074 

CP77-405 

CP76-331 

230 

174 

5 

48 

XL87-096 

CP77-405 

CP77-405 

149 

65 

1 

33 

XL87-219 

CP77-405 

LCP82-089 

240 

210 

0 

15 

XL87-239 

CP77-405 

LCP83-151 

195 

148 

7 

65 

XL87-230 

CP77-405 

LCP84-257 

243 

146 

7 

58 

XL87-200 

CP77-405 

L84-261 

171 

97 

0 

15 

XL87-207 

CP77-407 

87P3 

194 

159 

7 

65 

XL85-003 

CP77-413 

85P1 

254 

230 

8 

59 

XL85-198 

CP78-317 

CP62-258 

234 

185 

5 

47 

XL86-138 

CP78-317 

LCP81-030 

235 

207 

2 

35 

XL87-139 

CP78-317 

LCP81-030 

73 

64 

6 

92 

XL84-301 

CP78-357 

CP75-308 

469 

405 

30 

83 

XL84-264 

CP78-357 

L75-002 

248 

208 

12 

74 

XL86-142 

CP79-318 

CP62-258 

1200 

832 

22 

44 

XL85-254 

CP79-318 

CP69-1052 

462 

327 

14 

58 

XL84-231 

CP79-318 

CP70-321 

244 

207 

6 

52 

XL87-054 

CP79-318 

CP73-343 

243 

202 

0 

15 

XL87-347 

CP79-318 

LCP85-371 

453 

377 

38 

94 

XL87-008 

CP79-318 

L75-056 

250 

178 

0 

15 

XL87-221 

CP79-318 

L84-264 

254 

205 

6 

50 

XL87-311 

CP79-318 

L84-264 

451 

378 

20 

71 

XL87-063 

CP79-318 

US77-010 

228 

199 

11 

74 

XX87-3043 

CP79-318 

US86-004 

143 

113 

0 

15 

XX87-3046 

CP79-318 

US86-006 

142 

104 

0 

15 

XX87-3038 

CP79-318 

US86-016 

109 

89 

0 

15 

XL87-006 

CP79-318 

87P1 

162 

139 

0 

15 

XL85-212 

CP79-332 

CP76-331 

451 

337 

17 

66 

XL83-159 

CP79-332 

CP77-310 

464 

343 

22 

73 

XX87-3068 

CP79-332 

CP86-978 

132 

98 

7 

78 

XL87-339 

CP79-332 

L78-035 

204 

163 

0 

15 

XX87-3169 

CP79-332 

US82-031 

201 

163 

4 

46 

XX87-3165 

CP79-332 

US86-003 

142 

117 

0 

15 

XX87-3088 

CP79-332 

US86-016 

118 

102 

0 

15 

XL85-322 

CP79-348 

LCP83-172 

236 

125 

9 

66 

XL85-123 

CP80-313 

CP69-373 

384 

245 

2 

32 

XL84-240 

CP80-313 

CP70-321 

241 

191 

2 

34 

XL86-227 

CP80-313 

CP80-323 

109 

79 

0 

15 

XL84-170 

CP80-313 

LCP81-030 

241 

181 

11 

72 

XL87-145 

CP80-313 

LCP81-030 

217 

154 

14 

84 

XL87-349 

CP80-313 

LCP85-371 

223 

212 

0 

15 

XL85-224 

CP80-319 

CP69-1052 

182 

166 

6 

61 

XL87-202 

CP80-323 

CP71-459 

222 

199 

2 

35 

XL85-258 

CP80-323 

CP73-351 

232 

168 

6 

54 

XL87-193 

CP80-323 

CP76-331 

112 

85 

0 

15 
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1 

1 

XL87-181 

CP80-323 

CP77-402 

238 

190 

0 

15 

XL85-164 

CP80-328 

CP72-355 

223 

161 

7 

59 

XL87-023 

CP80-328 

L77-038 

150 

136 

9 

81 

XL85-281 

CP80-351 

CP66-346 

397 

255 

13 

61 

XL85-262 

CP80-351 

CP76-301 

520 

383 

34 

84 

XL85-220 

CP80-351 

LCP81-030 

936 

718 

33 

63 

XL83-176 

CP80-352 

CP72-355 

212 

171 

6 

56 

XL87-105 

CP80-352 

CP73-343 

235 

166 

5 

47 

XL85-214 

CP80-352 

CP76-301 

651 

476 

10 

41 

XL87-029 

CP80-352 

CP80-313 

228 

177 

0 

15 

XL85-143 

CP80-356 

CP74-2013 

229 

164 

2 

35 

XL84-268 

CP80-356 

CP78-403 

246 

209 

13 

78 

XL85-287 

CP81-010 

LCP83-133 

928 

737 

19 

46 

XL87-335 

CP81-325 

LCP85-385 

217 

176 

7 

60 

XL86-159 

CP81-329 

86P3 

. 

6 

XL86-056 

CP81-332 

CP76-331 

. 

13 

XL87-122 

CP81-332 

LCP81-010 

428 

356 

34 

90 

XX87-3024 

CP81-332 

US86-013 

142 

124 

0 

15 

XL84-288 

CP81-338 

CP76-301 

1230 

1771 

102 

93 

XL84-226 

CP81-338 

LCP81-030 

514 

388 

29 

79 

XL87-270 

CP82-519 

L78-063 

235 

184 

17 

87 

XL87-064 

CP82-550 

US77-010 

148 

118 

4 

55 

XX87-3021 

CP82-550 

US82-044 

99 

71 

0 

15 

XL87-227 

CP83-606 

LCP82-058 

247 

242 

11 

72 

XL87-251 

CP83-631 

LCP82-089 

215 

187 

0 

15 

XL87-341 

CP83-632 

L78-035 

100 

93 

0 

15 

XX87-3003 

CP85-860 

CP76-331 

79 

58 

0 

15 

XX87-3168 

CP85-866 

US82-031 

166 

125 

0 

15 

XL84-217 

LCP81-005 

CP62-258 

973 

912 

67 

86 

XL85-153 

LCP81-005 

LCP81-030 

334 

324 

5 

41 

XL87-072 

LCP81-005 

L75-056 

244 

169 

0 

15 

XL87-292 

LCP81-010 

CP67-412 

212 

147 

16 

89 

XL87-025 

LCP81-010 

CP73-343 

246 

173 

14 

80 

XL87-031 

LCP81-010 

CP77-410 

249 

201 

18 

87 

XX87-3010 

LCP81-010 

CP82-513 

146 

120 

0 

15 

XL87-283 

LCP81-010 

L84-261 

226 

187 

0 

15 

XX87-3007 

LCP81-010 

US82-044 

103 

82 

2 

45 

XL85-136 

LCP81-023 

CP70-321 

, 

7 

XL85-232 

LCP82-033 

CP77-310 

194 

124 

5 

54 

XL87-229 

LCP82-046 

CP48-103 

164 

147 

10 

82 

XL87-113 

LCP82-046 

CP57-614 

211 

183 

12 

80 

XL85-115 

LCP82-046 

CP72-355 

193 

139 

10 

77 

XL87-042 

LCP82-046 

CP76-331 

202 

125 

22 

98 

XL87-069 

LCP82-046 

LCP81-030 

251 

110 

5 

46 
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XL86-153 

LCP82-046 

LCP82-046 

2 

XL87-005 

LCP82-046 

87P1 

109 

96 

0 

15 

XL87-205 

LCP82-046 

87P3 

203 

179 

10 

76 

XL85-225 

LCP82-047 

CP69-1052 

402 

318 

22 

78 

XL87-226 

LCP82-047 

LCP82-047 

154 

91 

3 

45 

XL85-274 

LCP82-057 

CP70-321 

462 

342 

10 

48 

XL87-228 

LCP82-058 

LCP82-058 

111 

55 

0 

15 

XL87-328 

LCP82-073 

LCP85-371 

100 

91 

0 

15 

XL87-220 

LCP82-089 

LCP82-089 

112 

53 

1 

35 

XL87-178 

LCP83-136 

CP57-614 

239 

194 

24 

96 

XL87-189 

LCP83-137 

CP57-614 

252 

182 

21 

93 

XL87-192 

LCP83-137 

CP80-323 

233 

186 

10 

70 

XL87-242 

LCP83-153 

LCP81-030 

222 

170 

27 

99 

XL87-021 

LCP84-200 

CP75-1082 

222 

144 

0 

15 

XL87-084 

LCP84-212 

87P2 

256 

199 

5 

46 

XL87-176 

LCP84-214 

CP80-323 

79 

72 

2 

52 

XL87-212 

LCP84-215 

CP80-323 

234 

227 

19 

91 

XL87-256 

LCP84-215 

LCP81-030 

232 

193 

0 

15 

XL87-217 

LCP84-215 

L75-056 

109 

99 

0 

15 

XL87-336 

LCP85-385 

LCP85-385 

98 

34 

0 

15 

XL85-074 

L65-069 

CP67-412 

62 

30 

0 

15 

XL83-199 

L78-035 

CP62-258 

213 

455 

3 

40 

XL84-216 

L78-035 

CP62-258 

447 

341 

8 

44 

XL87-354 

L78-035 

L78-035 

236 

158 

0 

15 

XL87-007 

L78-063 

87P1 

253 

203 

8 

60 

XL87-083 

L78-063 

87P2 

198 

138 

15 

89 

XL85-243 

L79-034 

L82-107 

254 

215 

9 

63 

XL87-152 

L80-035 

CP72-355 

245 

146 

6 

50 

XL87-095 

L80-035 

CP77-405 

182 

146 

13 

86 

XL85-080 

L80-035 

LCP81-030 

105 

80 

0 

15 

XL83-187 

L80-038 

CP62-258 

239 

220 

26 

98 

XL85-199 

L82-107 

CP69-373 

248 

171 

10 

67 

XL85-244 

L82-107 

L82-107 

444 

248 

5 

38 

XL87-236 

L84-262 

L84-262 

138 

38 

0 

15 

XL87-318 

L84-276 

CP72-355 

195 

147 

8 

69 

XL87-360 

L85-294 

L78-035 

216 

169 

6 

56 

XL87-225 

US77-010 

LCP82-047 

239 

231 

25 

97 

XL84-193 

US77-17 

L65-069 

243 

218 

10 

69 

XX87-3009 

US82-010 

CP82-513 

88 

67 

10 

99 

XX87-3008 

US82-010 

US82-044 

89 

76 

6 

84 

XX87-3015 

US83-030 

CP72-370 

123 

82 

7 

80 

XX87-3136 

US83-036 

LCP82-046 

85 

55 

0 

15 

XX87-3188 

US86-002 

CP73-351 

103 

72 

0 

15 

XX87-3190 

US86-002 

CP83-659 

141 

106 

0 

15 
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XX87- 

-3075 

US86-004 

CP73-351 

147 

129 

0 

15 

XX87 

-3149 

US86-004 

CP79-318 

109 

79 

0 

15 

XX87- 

-3155 

US86-004 

CP82-520 

100 

57 

0 

15 

XX87 

-3034 

US86-008 

CP80-323 

91 

76 

0 

15 

XX87- 

-3030 

US86-008 

CP81-332 

89 

65 

0 

15 

XX87- 

-3029 

US86-009 

CP81-332 

145 

125 

0 

15 

XX87- 

-3014 

US86-011 

CP72-370 

120 

73 

0 

15 

XX87- 

-3074 

US86-011 

CP73-351 

77 

46 

0 

15 

XX87- 

-3183 

US86-014 

CP83-637 

136 

94 

0 

15 

XX87- 

-3185 

US86-015 

CP83-637 

134 

93 

0 

15 

XX87- 

•3164 

US86-974 

US86-003 

113 

82 

0 

15 

66503  51297  2087 
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1989  Louisiana  (L)  Nursery  Variety  Trials 

E.  0.  Dufrene 

St.  Gabriel  Research  Station 

K.  P.  Bischoff,  F.  A.  Martin  and  S.  B.  Milligan 
Agronomy  Department 

H.  P.  Viator 
Iberia  Research  Station 

Five  years  after  the  initial  hybridization  of  parents, 
selected  clones  are  assigned  permanent  numbers  by  the  Louisiana 
(L)  Sugarcane  Varietal  Development  Program.   The  new  assignments 
are  then  planted  in  the  first  replicated  tests  of  the  selection 
program.   These  tests  are  called  the  nursery  variety  trials. 

The  objective  of  the  selection  program  is  to  identify  and 
select  varieties  that  will  perform  well  across  the  range  of 
environments  a  commercial  variety  will  encounter.   To  realize 
this  objective  new  varieties  are  planted  in  as  many  locations  as 
possible.   The  locations  involved  are:  the  St.  Gabriel  Research 
Station  at  St.  Gabriel,  LA,  the  Iberia  Research  Station  near 
Jeanerette,  LA,  Triple  V  Farms  near  Youngsville,  LA,  Westfield 
Plantation  near  Paincourtville,  LA  and  Peebles  Plantation  near 
the  Port  of  Iberia. 

Nursery  trials  were  planted  in  single  row  (six  foot 
centers),  16  foot  long  plots  using  two  replications  per  location 
in  a  randomized  complete  block  design.   Three  commercial  check 
varieties  were  included  in  all  tests  (CP  65-357,  CP  70-321  and  CP 
74-383) . 

Number  of  stalks  per  plot  was  counted  in  August  or 
September.   Hand-cut  ten-stalk  samples  were  harvested  for  stalk 
weight  and  juice  analysis.   Brix  was  measured  by  refractometer 
and  sucrose  by  polarization.   Theoretical  recoverable  sugar 
(reported  as  sucrose  content)  was  calculated  according  to  the 
methods  described  by  Legendre  and  Henderson  (1972).   Fiber 
estimates  were  made  using  a  four  stalk  sample  and  the  chip-press 
method  (Tanimoto,  1964).   Cane  yield  was  estimated  as  the  product 
of  stalk  weight  and  stalk  number.   Sucrose  yield  was  calculated 
as  the  product  of  sucrose  content  and  cane  yield. 

Analysis  of  variance  was  performed  for  each  assignment 
series,  crop  and  location-soil  texture  combination.   A  combined 
analysis  was  performed  over  locations-soil  texture  for  each  crop 
and  assignment  series.   Minimum  significant  differences  (MSD) 
were  calculated  by  the  Waller-Duncan  multiple  range  test  (SAS, 
1985). 


147 


Table  1.   Planting  date  and  harvest  dates  of  nursery  tests  planted  or 
harvested  in  1989. 


Series 

Location 

Soil 
Texture1 

Planting 

Harvest  Dates 

Date 

1986 

1987     1988 

1989 

1985 

Iberia 

B.s.c. 

10/14/85 

11/19 

11/19    10/13 

10/12 

1985 

St. 
Gabriel 

C.s.l. 

10/22/85 

12/04 

11/04    10/06 

10/04 

1986 

Iberia 

B.s.c. 

10/30/86 

11/16    11/16 

10/19 

1986 

St. 
Gabrie 

C.s.l. 

10/22/86 

11/06    11/29 

11/01 

1986 

St. 
Gabriel 

S.c. 

10/21/86 

11/07 

10/04 

1987 

Iberia 

B.s.l. 

10/16/87 

11/16 

11/16 

1987 

St. 
Gabriel 

C.s.l. 

10/19/87 

11/29 



1987 

St. 
Gabriel 

S.c. 

10/14/87 

11/29 

11/06 

1987 

Triple  V 
Farms 

Co.s.l. 

9/08/88 

11/14 

1987 

Westfield 
Pltn. 

S.s.c. 

9/22/88 

11/30 

1988 

Iberia 

B.s.c. 

10/13/88 

11/16 

1988 

St. 
Gabriel 

C.s.l. 

10/14/88 

11/30 

1988 

St. 
Gabriel 

S.c. 

10/07/88 

11/21 

1988 

Peebles 
Pltn. 

Galvez 

9/19/89 

1988 

Westfield 
Pltn. 

S.s.c. 

10/10/89 

1989 

Iberia 

B.s.c. 

10/19/89 

1989 

St. 
Gabriel 

C.s.l. 

10/25/89 

1989 

St. 
Gabriel 

S.c. 

10/24/89 

1  C.s.l. 
S.s.c. 
B.s.c. 

=  Commerce 
=  Sharkey 
=  Baldwin 

silt  loam 
silty  clay 
silty  clay 

S.c 

loam      Co. 

Gal 

s.l.  = 
vez  = 

Sharkey  clay 
Coteau  silt  loam 
Galvez  silt  loam. 
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Table  2.   1989  third  ratoon  means  of  the  1985  "L"  series. 


Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

CP65-357 

8528 

34.8 

34032 

2.03 

245 

CP70-321 

11084 

40.7 

44922 

1.82 

273 

CP74-383 

10317 

49.9 

46623 

2.15 

211 

LCP85-336 

13620 

53.7 

61597 

1.74 

256 

LCP85-376 

11646 

46.5 

44695 

2.05 

241 

LCP85-384 

17822 

68.1 

79406 

1.71 

262 

MSD.05 

8700 

28.1 

26717 

0.26 

63 

Table  3.   1989 

third  ratoon  means 

of  the  1985 

"L"  series  at  the 

Iberia  Research 

Station. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

CP65-357 

8101 

34.4 

31309 

2.20 

236 

CP70-321 

9279 

34.6 

36981 

1.87 

269 

CP74-383 

10946 

45.2 

40838 

2.22 

239 

LCP85-336 

17114 

63.8 

70559 

1.81 

269 

LCP85-369 

12325 

52.3 

54451 

1.92 

236 

LCP85-376 

14489 

54.6 

49459 

2.21 

265 

LCP85-384 

16658 

63.7 

74642 

1.71 

262 

LCP85-385 

12684 

58.1 

57854 

2.01 

218 

MSD.OB 

4028 

12.9 

12743 

0.33 

30 

Table  4.   1989  third  ratoon  means 
St.  Gabriel  Research  Station  on  a 


of  the  1985  "L"  series  at  the 
Commerce  silt  loam. 


Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

CP65-357 

8956 

35.2 

36754 

1.87 

254 

CP70-321 

12890 

46.9 

52862 

1.77 

277 

CP74-383 

9689 

54.6 

52409 

2.07 

183 

LCP85-336 

10127 

43.7 

52635 

1.68 

242 

LCP85-376 

8803 

38.4 

39930 

1.89 

216 

LCP85-384 

18987 

72.4 

84171 

1.72 

262 

MSD.os 

6598 

31.7 

26332 

NS 

NS 

149 


Table  5. 

L989  second 

ratoon 

means  of 

the  1986 

"L"  series 

• 

Variety 

Sucrose 
yield 

Cane 
yield 

Stalk 
number 

Stalk 
weight 

Sucrose 
content 

Fiber 

CP65-357 

lbs/A 
9745 

tons/A 
32.4 

no. /A 
28813 

lbs 
2.19 

lbs/ton 
276 

% 
14.3 

CP70-321 

13136 

41.8 

39325 

2.11 

313 

12.6 

CP74-383 

12506 

45.0 

41670 

2.16 

278 

12.8 

LCP86-393 

15665 

54.6 

48778 

2.22 

286 

15.3 

LCP86-395 

15298 

48.4 

49005 

1.95 

313 

13.8 

LCP86-402 

13217 

46.6 

36527 

2.58 

284 

13.0 

LCP86-408 

12754 

47.3 

57702 

1.63 

271 

12.5 

LCP86-020 

11700 

38.8 

47077 

1.62 

299 

13.9 

LCP86-426 

12153 

42.2 

48552 

1.71 

286 

15.6 

LCP86-429 

15206 

55.0 

51123 

2.17 

276 

15.4 

LCP86-451 

13444 

45.5 

41821 

2.17 

293 

14.2 

LCP86-454 

17375 

55.1 

42048 

2.62 

316 

13.3 

MSD.05 

4004 

12.8 

6885 

0.26 

22 

0.9 

Table  6.   1989  second  ratoon  I 
Iberia  Research  Station. 

means  of 

the  1986 

"L"  series 

at  the 

Variety 

Sucrose 
yield 

Cane 
yield 

Stalk 
number 

Stalk 
weight 

Sucrose 
content 

Fiber 

CP65-357 

lbs/A 
10407 

tons/A 
35.0 

no. /A 
31082 

lbs 
2.20 

lbs/ton 
290 

% 
14.7 

CP70-321 

12211 

36.6 

37435 

1.96 

334 

12.8 

CP74-383 

12472 

45.6 

40838 

2.21 

275 

13.7 

LCP86-393 

20493 

70.6 

54677 

2.58 

290 

16.6 

LCP86-395 

20392 

60.6 

54224 

2.21 

337 

14.4 

LCP86-402 

13555 

49.1 

38569 

2.59 

276 

12.5 

LCP86-408 

15505 

57.2 

66929 

1.71 

273 

12.6 

LCP86-420 

• 

• 

• 

1.84 

289 

15.8 

LCP86-426 

14865 

50.5 

53316 

1.85 

298 

16.1 

LCP86-429 

16843 

60.1 

53543 

2.26 

281 

15.3 

LCP86-451 

17709 

57.7 

52635 

2.21 

307 

14.8 

LCP86-454 

19262 

62.2 

45149 

2.76 

312 

13.4 

MSD.os 

10189 

35.5 

26906 

0.63 

44 

2.4 
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Table  7.   1989  second 
St.  Gabriel  Research  i 

ratoon 
Station 

means  of  the  1986  "L"  series 
on  a  Commerce  silt  loam. 

at  the 

Variety 

Sucrose 
yield 

Cane 
yield 

Stalk 
number 

Stalk 
weight 

Sucrose 
content 

Fiber 

CP65-357 

lbs/A 
11847 

tons/A 
38.7 

no. /A 
30628 

lbs 
2.53 

lbs/ton 
306 

% 
14.3 

CP70-321 

16926 

52.5 

44014 

2.39 

322 

12.1 

CP74-383 

13879 

46.2 

40157 

2.31 

301 

12.3 

LCP86-393 

14054 

47.0 

45376 

2.08 

299 

14.7 

LCP86-395 

13323 

43.0 

46737 

1.84 

310 

13.8 

LCP86-402 

14627 

47.2 

35393 

2.71 

310 

13.5 

LCP86-408 

12387 

41.1 

51501 

1.59 

301 

12.8 

LCP86-420 

15400 

48.3 

51955 

1.86 

320 

14.7 

LCP86-426 

13183 

43.0 

50140 

1.72 

307 

16.0 

LCP86-429 

16900 

55.8 

49913 

2.27 

303 

15.9 

LCP86-451 

11932 

39.1 

36074 

2.16 

304 

13.7 

LCP86-454 

17941 

50.5 

37661 

2.65 

354 

13.1 

MSD.05 

NS 

NS 

21983 

0.54 

27.6 

1.3 

Table  8.   1989  second  ratoon 
St.  Gabriel  Research  Station 

means  of  the  1986 
on  a  Sharkey  clay. 

"L"  series 

at  the 

Variety 

Sucrose 
yield 

Cane 
yeld 

Stalk 
number 

Stalk 
weight 

Sucrose 
content 

Fiber 

CP65-357 

lbs/A 
5568 

tons/A 
23.4 

no. /A 
24730 

lbs 
1.86 

lbs/ton 
234 

% 
13.9 

CP70-321 

10273 

36.3 

36527 

1.98 

284 

12.9 

CP74-383 

11168 

43.3 

44014 

1.97 

258 

12.2 

LCP86-393 

12448 

46.3 

46283 

2.00 

271 

14.6 

LCP86-395 

12180 

41.7 

46056 

1.81 

293 

13.1 

LCP86-402 

11469 

43.4 

35620 

2.44 

266 

12.8 

LCP86-408 

10371 

43.6 

54677 

1.60 

238 

12.2 

LCP86-420 

8001 

29.3 

42199 

1.38 

278 

13.2 

LCP86-426 

8411 

33.2 

42199 

1.58 

254 

14.6 

LCP86-429 

11875 

49.0 

49913 

1.99 

243 

14.9 

LCP86-451 

10691 

39.8 

36754 

2.15 

268 

14.1 

LCP86-454 

14923 

52.8 

43334 

2.44 

283 

13.5 

MSD.OB 

3019 

13.8 

12885 

0.41 

57 

3.1 
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Table  9. 

1989  first 

ratoon  means  of  the  1987 

"L"  series. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

9693 

31.6 

27225 

2.32 

303 

13.6 

CP70-321 

11583 

37.3 

31309 

2.41 

310 

12.1 

CP74-383 

11785 

41.3 

34032 

2.44 

285 

12.0 

LCP87-017 

13485 

49.3 

45148 

2.18 

273 

13.5 

LCP87-018 

13668 

49.1 

46396 

2.12 

278 

12.8 

LCP87-020 

15949 

53.7 

46850 

2.28 

296 

12.9 

LCP87-023 

12749 

42.1 

36300 

2.32 

299 

14.2 

LCP87-472 

16044 

59.7 

50480 

2.38 

269 

14.2 

LCP87-479 

16328 

62.3 

49913 

2.47 

261 

14.1 

LCP87-491 

13144 

46.6 

46623 

1.99 

285 

13.0 

LCP87-492 

15548 

54.6 

48211 

2.26 

285 

14.0 

LCP87-494 

14777 

50.9 

35620 

2.83 

292 

13.7 

LCP87-496 

16833 

61.5 

52635 

2.34 

273 

14.7 

MSD.05 

4951 

15.6 

12769 

0.39 

20 

0.9 

Table  10. 

1989  first 

ratoon  means  of 

the  1987 

"L"  series 

at  the 

Iberia  Research  Station. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

10582 

34.6 

30629 

2.28 

298 

13.4 

CP70-321 

13238 

42.1 

36981 

2.28 

314 

12.0 

CP74-383 

13574 

47.3 

41292 

2.30 

288 

12.4 

LCP87-017 

13533 

49.6 

46510 

2.13 

273 

14.1 

LCP87-018 

13701 

47.4 

43107 

2.19 

288 

13.1 

LCP87-020 

15324 

51.9 

46964 

2.20 

293 

13.4 

LCP87-023 

15422 

50.3 

44695 

2.25 

306 

14.6 

LCP87-472 

15632 

59.9 

49232 

2.45 

261 

14.7 

LCP87-479 

17123 

64.0 

49913 

2.57 

268 

14.8 

LCP87-491 

11743 

41.0 

43333 

1.88 

291 

12.9 

LCP87-492 

15203 

52.8 

46736 

2.25 

288 

14.2 

LCP87-494 

17815 

62.2 

40384 

3.08 

286 

13.6 

LCP87-496 

18406 

64.9 

55812 

2.33 

285 

14.9 

MSD.05 

8989 

25.6 

22201 

0.49 

41 

1.4 

Table  11. 
St.  Gabriel 


1989  first  ratoon 
Research  Station 
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means  of  the  1987 
on  a  Sharkey  clay, 


"L"  series  at  the 


Variety 


Sucrose 
yield 


Cane 
yield 


Stalk 
number 


Stalk 
weight 


Sucrose 
content 


Fiber 


lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

8803 

28.6 

23822 

2.36 

309 

13.7 

CP70-321 

9929 

32.5 

25637 

2.54 

306 

12.2 

CP74-383 

9997 

35.3 

26772 

2.59 

283 

11.7 

LCP87-017 

13438 

48.9 

43787 

2.23 

273 

12.8 

LCP87-018 

13636 

50.8 

49686 

2.04 

268 

12.5 

LCP87-020 

16574 

55.4 

46737 

2.37 

300 

12.5 

LCP87-023 

10076 

33.9 

27906 

2.38 

291 

13.8 

LCP87-472 

16456 

59.5 

51728 

2.30 

277 

13.8 

LCP87-479 

15534 

60.6 

49913 

2.38 

254 

13.5 

LCP87-491 

14546 

52.2 

49913 

2.10 

280 

13.0 

LCP87-492 

15892 

56.5 

49686 

2.28 

282 

13.8 

LCP87-494 

11740 

39.5 

30855 

2.58 

297 

13.8 

LCP87-496 

15261 

58.2 

49459 

2.35 

261 

14.5 

MSD0.05 

11427 

35 

16820 

NS 

31 

0.95 

Table  12.   1989  plant  cane  means  of  1987  "L"  series. 


Variety 


Sucrose 
yield 


Cane 
yield 


Stalk 
number 


Stalk 
weight 


Sucrose 
content 


lbs/A 

tons/A 

no. /A 

lbs 

lbs /ton 

CP65-357 

5663 

24.7 

22461 

2.19 

226 

CP70-321 

7307 

33.1 

28360 

2.34 

221 

CP74-383 

9087 

41.7 

32443 

2.56 

214 

LPC87-017 

9107 

43.4 

38909 

2.25 

209 

LPC87-018 

7798 

36.8 

39250 

1.84 

213 

LPC87-020 

8083 

37.1 

33918 

2.16 

215 

LPC87-023 

7908 

35.0 

28700 

2.44 

223 

LPC87-472 

9867 

45.6 

43447 

2.09 

214 

LPC87-479 

11994 

58.1 

46623 

2.49 

204 

LPC87-491 

7697 

35.5 

36981 

1.90 

215 

LPC87-492 

10120 

45.9 

42426 

21.3 

216 

LPC87-494 

8214 

36.3 

29948 

2.43 

225 

LPC87-496 

9699 

46.9 

38229 

2.44 

201 

MSD.05 

2867 

10.7 

5605 

0.53 

NS 

153 


Table  13. 

1989  plant 

cane  means 

Of  the  1987 

"L"  series 

at 

Westfield  Plantation. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

CP65-357 

7239 

29.1 

25410 

2.31 

249 

CP70-321 

8404 

33.7 

29721 

2.28 

250 

CP74-383 

11339 

48.7 

35393 

2.76 

233 

LCP87-017 

9714 

45.5 

36754 

2.48 

214 

LCP87-018 

9340 

38.6 

42653 

1.74 

241 

LCP87-020 

9629 

40.7 

35166 

2.30 

236 

LCP87-023 

10022 

38.2 

30629 

2.50 

263 

LCP87-472 

12011 

49.1 

46283 

2.11 

244 

LCP87-479 

14837 

64.8 

51274 

2.53 

228 

LCP87-491 

9425 

36.6 

36300 

2.01 

258 

LCP87-492 

13353 

56.7 

46510 

2.44 

236 

LCP87-494 

9590 

41.0 

33351 

2.49 

234 

LCP87-496 

13164 

57.8 

41065 

2.84 

228 

MSD.os 

6261 

21.1 

14155 

0.60 

28 

Table  14. 

1989  plant 

cane  means 

of  the  1987 

"L"  series 

at  Triple 

V  Plantation. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

yield 

yield 

number 

weight 

content 

lbs/A 

tons /A 

no. /A 

lbs 

lbs/ton 

CP65-357 

4087 

20.3 

19512 

2.07 

203 

CP70-321 

6211 

32.5 

26999 

2.41 

191 

CP74-383 

6835 

34.7 

29494 

2.35 

196 

LCP85-336 

7437 

34.9 

33578 

2.08 

215 

LCP85-376 

7372 

40.7 

36301 

2.25 

181 

LCP85-384 

9532 

42.3 

38342 

2.22 

226 

LCP87-017 

8501 

41.3 

41065 

2.02 

205 

LCP87-018 

6256 

35.0 

35847 

1.94 

185 

LCP87-020 

6536 

33.6 

32671 

2.02 

195 

LCP87-023 

5794 

31.8 

26772 

2.38 

184 

LCP87-472 

7723 

42.1 

40611 

2.07 

185 

LCP87-479 

9152 

51.5 

41972 

2.45 

181 

LCP87-491 

5969 

34.4 

37662 

1.79 

172 

LCP87-492 

6888 

35.1 

38342 

1.83 

197 

LCP87-494 

6839 

31.6 

26545 

2.37 

216 

LCP87-496 

6234 

36.0 

35393 

2.04 

174 

MSD.05 

3554 

17.0 

7623 

0.68 

NS 

154 


Table  15. 

1989  plant 

cane  means  of  the 

1988  " 

L"  series. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

10327 

36.4 

31853 

2.29 

287 

14.4 

CP70-321 

8065 

31.7 

33275 

1.95 

260 

12.5 

CP74-383 

7343 

30.5 

30492 

2.02 

243 

12.0 

L88-028 

8653 

32.2 

31763 

2.01 

274 

14.5 

L88-030 

9490 

38.0 

42275 

1.77 

261 

12.9 

L88-032 

7680 

30.7 

33956 

1.80 

255 

12.7 

L88-037 

9548 

36.1 

36678 

1.95 

271 

15.0 

L88-040 

7045 

27.1 

33351 

1.69 

264 

14.0 

L88-046 

9209 

34.6 

38206 

1.81 

269 

12.0 

L88-047 

8184 

31.2 

34122 

1.82 

264 

12.6 

L88-049 

9414 

34.7 

29131 

2.33 

278 

11.9 

L88-059 

7836 

29.6 

45194 

1.25 

277 

12.6 

L88-060 

8079 

33.1 

29494 

2.23 

253 

14.2 

L88-063 

8023 

33.1 

36845 

1.80 

246 

11.7 

L88-066 

9152 

36.4 

38267 

1.91 

254 

14.9 

L88-069 

9139 

38.8 

35015 

2.25 

237 

14.6 

L88-070 

10084 

39.8 

30492 

2.62 

254 

12.2 

L88-072 

12967 

47.3 

43333 

2.18 

279 

13.2 

L88-073 

9511 

37.5 

40989 

1.87 

252 

12.3 

L88-075 

9887 

39.1 

38024 

2.02 

253 

12.3 

LCP88-078 

10175 

42.0 

35695 

2.36 

248 

14.3 

LCP88-079 

10022 

36.1 

30628 

2.35 

283 

12.1 

L88-080 

8488 

32.8 

28859 

2.25 

267 

12.4 

L88-083 

6775 

27.6 

33880 

1.63 

253 

11.5 

L88-086 

11006 

40.7 

35166 

2.33 

272 

15.8 

LCP88-090 

6620 

24.7 

27043 

1.79 

278 

15.6 

LCP88-091 

8515 

35.2 

31763 

2.21 

248 

12.3 

LCP88-093 

7727 

30.2 

29312 

2.04 

258 

15.0 

MSD.05 

3281 

11.2 

7150 

0.43 

23 

1.0 

155 


Table  16.   1989  plant  cane  means  of  the  1988 
Iberia  Research  Station. 


"L"  series  at  the 


Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber1 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

12001 

43.0 

34258 

2.49 

279 

14.6 

CP70-321 

8932 

35.3 

30629 

2.29 

254 

12.4 

CP74-383 

6574 

26.7 

30855 

1.77 

245 

12.3 

L88-028 

8613 

33.0 

31990 

2.08 

261 

15.1 

L88-030 

8811 

35.8 

36527 

1.90 

260 

12.4 

L88-032 

5670 

25.4 

23141 

2.01 

236 

12.5 

L88-037 

11168 

38.2 

34712 

2.17 

286 

15.6 

L88-040 

6979 

26.8 

25864 

2.02 

263 

14.1 

L88-046 

9845 

38.0 

39476 

1.93 

258 

12.6 

L88-047 

10045 

39.1 

37435 

2.12 

260 

14.4 

L88-049 

9170 

33.8 

25864 

2.63 

275 

11.9 

L88-059 

8414 

28.7 

44014 

1.24 

292 

12.4 

L88-060 

9559 

38.7 

28360 

2.68 

257 

14.3 

L88-063 

8949 

35.4 

34939 

2.03 

253 

12.7 

L88-066 

7953 

31.8 

33124 

1.94 

250 

14.8 

L88-069 

9428 

40.0 

34712 

2.31 

234 

14.6 

L88-070 

9402 

38.1 

25864 

2.87 

244 

12.4 

L88-072 

12086 

43.5 

39704 

2.19 

281 

13.7 

L88-073 

10291 

39.5 

42653 

1.86 

261 

12.6 

L88-075 

12254 

46.7 

40838 

2.37 

261 

12.9 

LCP88-078 

10621 

41.2 

33351 

2.48 

258 

14.7 

LCP88-079 

10196 

36.5 

29494 

2.44 

289 

12.0 

L88-080 

9052 

34.8 

27679 

2.45 

263 

12.3 

L88-083 

7080 

28.5 

34032 

1.68 

250 

11.6 

L88-086 

12718 

43.2 

32444 

2.65 

294 

17.1 

LCP88-090 

7326 

26.7 

26998 

2.04 

276 

14.9 

LCP88-091 

9366 

39.5 

31082 

2.55 

238 

12.5 

LCP88-093 

6457 

27.7 

27906 

1.96 

235 

15.2 

MSD.05 

4050 

16.2 

11518 

0.69 

69 

unreplicated  observation 
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Table  17. 

1989  plant 

cane  means  of  the 

1988  "L 

1  series 

at  the 

St.  Gabriel 

Research 

Station 

on  a  Commerce  silt 

loam. 

Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber1 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/tone 

% 

CP65-357 

8529 

25.9 

27679 

1.87 

329 

15.3 

CP70-321 

6971 

26.7 

34712 

1.63 

270 

12.2 

CP74-383 

8231 

30.6 

30401 

2.01 

269 

12.2 

L88-028 

5877 

20.4 

24503 

1.63 

295 

14.5 

L88-030 

9086 

31.9 

41519 

1.49 

293 

13.7 

L88-032 

8169 

29.9 

36527 

1.62 

279 

12.5 

L88-037 

6490 

24.6 

29494 

1.69 

283 

15.3 

L88-040 

6652 

23.4 

37208 

1.33 

289 

13.6 

L88-046 

9439 

30.4 

39476 

1.54 

311 

12.4 

L88-047 

9228 

29.0 

35846 

1.62 

318 

12.7 

L88-049 

4074 

13.3 

19511 

1.36 

306 

11.3 

L88-059 

4192 

12.8 

37208 

0.69 

328 

13.2 

L88-060 

6963 

27.0 

28587 

1.88 

269 

14.0 

L88-063 

7130 

25.4 

36300 

1.40 

281 

11.3 

L88-066 

10380 

39.7 

38569 

2.06 

269 

15.1 

L88-069 

8714 

36.3 

30855 

2.37 

243 

15.3 

L88-070 

11036 

37.9 

35393 

2.14 

291 

12.0 

L88-072 

12859 

44.7 

41292 

2.18 

290 

13.2 

L88-073 

10382 

40.9 

36527 

2.25 

254 

11.4 

L88-075 

2797 

11.3 

27225 

0.83 

248 

11.5 

LCP88-078 

9531 

39.5 

31763 

2.49 

250 

14.2 

LCP88-079 

9962 

33.5 

29041 

2.32 

299 

12.6 

L88-080 

6799 

21.8 

19511 

2.23 

312 

13.0 

L88-083 

5915 

21.9 

32897 

1.36 

280 

12.2 

L88-086 

11023 

40.3 

36527 

2.21 

276 

15.5 

LCP88-090 

3163 

10.0 

21326 

0.94 

316 

15.6 

LCP88-091 

7883 

26.0 

27225 

1.91 

303 

12.4 

LCP88-093 

6606 

22.6 

26771 

1.69 

292 

15.4 

MSD.05 

8584 

20.3 

7448 

1.37 

74 

1  unreplicated  observation. 
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Table  18.   1989  plant  cane  means  of  the  1988  "L1 
St.  Gabriel  Research  Station  on  a  Sharkey  clay. 


series  at  the 


Variety 

Sucrose 

Cane 

Stalk 

Stalk 

Sucrose 

Fiber1 

yield 

yield 

number 

weight 

content 

lbs/A 

tons/A 

no. /A 

lbs 

lbs/ton 

% 

CP65-357 

9552 

35.2 

31536 

2.32 

273 

13.3 

CP70-321 

8293 

33.1 

34486 

1.93 

257 

12.9 

CP74-383 

7670 

34.3 

30175 

2.27 

227 

11.5 

L88-028 

11470 

43.3 

38796 

2.31 

266 

14.1 

L88-030 

10575 

46.3 

48779 

1.91 

229 

12.6 

L88-032 

9200 

36.8 

42199 

1.76 

251 

13.1 

L88-037 

10985 

45.4 

45829 

1.98 

245 

14.2 

L88-040 

7505 

31.2 

36981 

1.71 

241 

14.1 

L88-046 

8459 

33.4 

36300 

1.83 

259 

11.1 

L88-047 

5801 

24.4 

29948 

1.62 

241 

10.7 

L88-049 

12330 

46.4 

37208 

2.51 

268 

12.7 

L88-059 

9080 

39.0 

50367 

1.54 

238 

12.0 

L88-060 

7714 

33.6 

31536 

2.12 

234 

14.3 

L88-063 

7545 

34.7 

39023 

1.77 

223 

11.3 

L88-066 

9124 

37.9 

43107 

1.74 

243 

14.9 

L88-069 

9275 

40.0 

39477 

2.07 

235 

14.0 

L88-070 

10289 

42.4 

32670 

2.61 

245 

12.3 

L88-072 

13956 

53.8 

49005 

2.18 

266 

12.7 

L88-073 

7861 

32.3 

43787 

1.49 

243 

13.0 

L88-075 

11065 

45.5 

40611 

2.27 

248 

12.5 

LCP88-078 

10373 

45.2 

41972 

2.13 

235 

13.9 

LCP88-079 

9909 

38.2 

33351 

2.30 

262 

11.8 

L88-080 

8770 

36.3 

34712 

2.06 

247 

11.8 

L88-083 

7332 

32.5 

34712 

1.86 

229 

10.7 

L88-086 

9278 

38.6 

36527 

2.12 

245 

14.9 

LCP88-090 

7644 

30.1 

29948 

1.97 

261 

16.3 

LCP88-091 

7980 

35.6 

34712 

2.03 

230 

12.1 

LCP88-093 

9557 

36.6 

31990 

2.31 

263 

14.2 

MSD.05 

1861 

7.0 

7185 

0.37 

33 

1  unreplicated  observation 
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1989  Louisiana  (L)  Infield  Variety  Trials 

E.  0.  Dufrene 
St.  Gabriel  Research  Station 

F.  A.  Martin 
Sugar  Station/Audubon  Sugar  Institute 

S.  B.  Milligan 
Agronomy  Department 

The  Louisiana  (L)  Sugarcane  Variety  Development  Program, 
infield  variety  trials  are  planted  from  the  year  after  number 
assignment  through  the  year  of  introduction  to  outfield  test 
locations  for  seed  increase.  These  are  the  first  machine  harvested 
trials  in  the  program.  Their  purpose  is  to  estimate  yields  on  a 
larger  plots  basis  then  used  by  earlier  stages  in  the  selection 
program  and  to  initiate  screening  of  experimental  clones  for 
suitability  to  mechanical  harvest. 

Normal  cultural  practices  were  used  in  1989.  In  early  spring, 
2,4-D  (2  qt/A  ,  46.88%  AI )  was  applied  to  fields  with  winter  weed 
growth.  Sencor  (2  qt/A,  41%  AI)  was  applied  after  off -barring  in 
mid  March.  Asulox  (3.5  pts/A)  was  applied  twice,  once  in  early 
April  and  again  in  late  April.  Fields  were  fertilized  (160  lbs  N 
and  90  lbs  K)  in  the  latter  part  of  April.  Atrazine  (2  qt/A)  was 
used  as  a  pre-emergence  herbicide  after  layby.  Sugarcane  borer 
CDiatrea  saccharalisl  populations  were  checked  on  a  weekly  basis. 
Fields  were  sprayed  with  Pydrin  (1.5  lb/A)  one  time  in  the  growing 
season.  All  pesticide  applications  were  applied  using  a  16.6  gal/A 
spray  rate. 

Infield  tests  were  planted  in  Commerce  silt  loam  (fine-silty, 
mixed,  nonacid,  thermic  Aerie  Fluvaquent)  and  Sharkey  clay  (very- 
fine,  montmorillonitic,  nonacid,  thermic  Typic  Hydraquent)  soils  on 
the  St.  Gabriel  Research  Station.  Trials  were  planted  from  August 
25  through  September  22,  1989  (Table  2).  Tests  used  randomized 
complete  block  designs  with  plots  16  feet  by  three  rows  on  six-foot 
centers.  All  trials  included  three  commercial  check  varieties,  CP 
65-357,  CP  70-321,  and  CP  74-383.  Unburned  plots  were  mechanically 
cut  and  weighed  with  a  tractor-mounted  hydraulic  weigh  rig  from 
October  9  through  November  29,  1989.  Ten-stalk  samples,  stripped 
of  leaves,  were  used  to  estimate  stalk  weight  and  obtain  a  juice 
analysis. 

Crusher  juice  was  analyzed  for  sucrose  by  polarization  and 
Brix  was  measured  by  refractometer.  Sugar  content  was  calculated 
using  Brix  and  sucrose  values  according  to  the  methods  described  by 
Legendre  and  Henderson  (1972).  Sucrose  yield  was  estimated  as  the 
product  of  cane  yield  and  sucrose  content. 

Prior  to  weighing,  50  stalk  samples  from  all  of  the  plant  cane 
trials  were  examined  for  damage  to  estimate  suitability  for 
mechanical  harvesting.  Analysis  of  variance  was  performed  for  each 
crop  and  assignment  series  over  and  by  soil  type  when  appropriate. 
Minimum  significant  differences  (MSD)  were  calculated  by  the 
Waller-Duncan  multiple  range  test  (SAS,  1985). 


160 


Tabl< 

5  ] 

.  • 

Plant. 

Lng 

date 

and  harvest  dates  of  infie 

Id  tests 

• 

Assii 

gnment 
ss 

Reps 

Soil1 
Texture 

Planting 
Date 

Harvest  Dates 

Serii 

1987 

1988 

1989 

1983 

L 

& 

CP 

2 

C.s.l. 

9/19/86 

11/30 

10/28 

10/09 

1983 

L 

& 

CP 

2 

S.c. 

8/28/86 

11/20 

11/02 

10/11 

1984 

L 

& 

CP 

2 

S.c. 

9/25/86 

11/20 

10/26 

10/12 

1985 

L 

2 

C.s.l. 

9/26/86 

12/01 

11/03 

10/09 

1985 

L 

2 

S.c. 

9/18/86 

11/06 

11/02 

10/13 

1984 

L 

& 

CP 

2 

C.s.l. 

9/04/87 

11/22 

11/03 

1984 

L 

& 

CP 

2 

S.c. 

9/09/87 

11/30 

11/10 

1985 

L 

2 

C.s.l. 

9/04/87 

11/15 

11/10 

1985 

L 

2 

S.c. 

9/11/87 

11/30 

11/10 

1986 

L 

2 

C.s.l. 

9/18/87 

11/28 

11/03 

1986 

L 

2 

S.c. 

9/15/87 

12/01 

11/27 

1985 

& 

1986  L  & 

CP 

1 

C.s.l. 

9/15/88 

11/29 

1986 

& 

1986  L  & 

CP 

1 

S.c. 

9/31/88 

11/20 

1987 

L 

1 

C.s.l. 

9/15/88 

11/29 

1987 

L 

1 

S.c. 

9/31/88 

11/20 

1986 

L 

& 

CP 

2 

C.s.l. 

9/21/89 

1986 

L 

& 

CP 

2 

S.c. 

9/21/89 

1987 

L 

& 

CP 

1 

C.s.l . 

9/19/89 

1987 

L 

& 

CP 

1 

S.c. 

9/19/89 

1988 

L 

2 

C.s.l. 

8/25/89 

1988 

L 

2 

S.c. 

9/22/89 

1  C.s.l.  =  Commerce  silt  loam 


S.c.  =  Sharkey  clay 
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Table  2.  1989  second  rate-on  means  of  the  1983  L  &  CP  series  over 
soil  types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs /ton) 

(lbs) 

(no/A) 

CP  65-357 

6008 

25.7 

233 

2.20 

23621 

CP  70-321 

7354 

30.2 

245 

2.00 

30322 

CP  74-383 

5972 

26.5 

225 

2.08 

25599 

LCP  83-153 

7937 

32.3 

246 

2.09 

31082 

CP  83-625 

6321 

24.6 

260 

1.86 

26556 

CP  83-644 

8276 

30.6 

270 

1.96 

31834 

MSD.G5 

NS 

NS 

26 

0.25 

NS 

Table  3.  1989  second  ratoon  means  of  the  1983  L  & 
Commerce  silt  loam  soil  at  St.  Gabriel. 


CP  series  on 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs /A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

5311 

24.9 

213 

2.40 

20792 

CP  70-321 

8140 

35.0 

233 

2.03 

34581 

CP  74-383 

6154 

27.8 

221 

2.21 

25343 

LCP  83-153 

7118 

30.7 

232 

2.16 

28413 

CP  83-625 

6957 

29.0 

239 

1.91 

30453 

CP  83-644 

7231 

27.9 

259 

2.14 

26486 

MSD.os 

2025 

5.3 

42 

NS 

7695 

Table  4.   1989  second  ratoon  means  of  the  1983  L  &  CP  series  on 
Sharkey  clay  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs /A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

6705 

26.5 

254 

2.01 

26450 

CP  70-321 

6569 

25.4 

258 

1.97 

26063 

CP  74-383 

5790 

25.2 

229 

1.95 

25856 

LCP  83-153 

8756 

33.9 

259 

2.01 

33751 

CP  83-625 

5686 

20.3 

281 

1.82 

22660 

CP  83-644 

9322 

33.4 

281 

1.79 

37182 

MSD.OB 

2902 

11.1 

44 

NS 

11111 
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Table  5.  1989  second  ratoon  means  of  the  1984  L  &  CP  series  on 
Sharkey  clay  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

5286 

22.5 

236 

2.22 

20155 

CP  70-321 

5910 

21.4 

276 

1.77 

24262 

CP  74-383 

6500 

27.1 

240 

2.17 

24947 

L  84-290 

5559 

21.1 

264 

1.69 

25659 

CP  84-730 

9480 

35.8 

265 

2.07 

34501 

MSD.05 

1908 

8.2 

25 

0.45 

9896 

Table  6.   1989  first  ratoon  means  of  the  1984  L  &  CP  series  over 
soil  types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

7652 

29.7 

255 

2.37 

25167 

CP  70-321 

9803 

35.8 

274 

2.44 

29485 

CP  74-383 

8793 

36.1 

244 

2.60 

27815 

L  84-290 

9178 

33.7 

272 

1.99 

33854 

CP  84-730 

11193 

38.9 

288 

2.85 

27393 

MSD.os 

2941 

8.4 

NS 

0.38 

5683 

Table  7.   1989  first  ratoon  means  of  the  1984  L  &  CP  series  on 
Commerce  silt  loam  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs /A) 

(tons/A) 

(lbs /ton) 

(lbs) 

(no/A) 

CP  65-357 

8078 

29.0 

279 

2.28 

25730 

CP  70-321 

10249 

37.2 

276 

2.59 

28702 

CP  74-383 

8804 

37.3 

236 

2.72 

27473 

L  84-290 

8062 

30.8 

262 

2.00 

31027 

CP  84-730 

10325 

35.9 

288 

2.87 

25043 

MSD.os 

1494 

1.8 

37 

0.60 

NS 

163 


Table  8.   1989  first  ratoon  means  of  the  1984  L  & 
Sharkey  clay  soil  at  St.  Gabriel. 


CP  series  on 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

7226 

30.4 

231 

2.45 

24604 

CP  70-321 

9357 

34.5 

271 

2.28 

30268 

CP  74-383 

8781 

34.9 

252 

2.48 

28157 

L  84-290 

10293 

36.5 

282 

1.99 

36682 

CP  84-730 

12060 

41.9 

288 

2.82 

29742 

MSD.os 

NS 

NS 

NS 

0.22 

NS 

Table  9.   1989  second  ratoon  means  of  the  1985  L  series  over  soil 
types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs /ton) 

(lbs) 

(no/A) 

CP  65-357 

6145 

24.7 

246 

2.12 

23304 

CP  70-321 

4747 

18.6 

252 

2.02 

17983 

CP  74-383 

6496 

27.6 

235 

2.15 

25643 

LCP  85-336 

9963 

37.8 

262 

2.05 

37123 

LCP  85-376 

7618 

29.3 

261 

1.96 

29833 

LCP  85-384 

9795 

39.6 

245 

1.72 

46269 

MSD.OB 

NS 

17.0 

NS 

NS 

12242 

Table  10. 

1989  second 

ratoon  means  of  the  1985 

L  series  on 

Commerce  si 

It  loam  soil 

at  St.  Gabriel. 

Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

5691 

23.0 

243 

2.11 

21715 

CP  70-321 

6549 

25.0 

263 

2.22 

22497 

CP  74-383 

6790 

28.9 

234 

2.14 

26993 

LCP  85-336 

8381 

32.8 

255 

2.01 

32629 

LCP  85-376 

7166 

28.4 

253 

1.95 

29126 

LCP  85-384 

7896 

35.0 

226 

1.58 

44986 

MSD.05 

NS 

8.0 

NS 

0.49 

8884 

164 


Table  11.   1989  second  ratoon  means  of  the  1985  L  series  on  Sharkey 
clay  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

6599 

26.4 

250 

2.13 

24892 

CP  70-321 

2945 

12.3 

240 

1.82 

13468 

CP  74-383 

6202 

26.2 

236 

2.15 

24294 

LCP  85-336 

11544 

42.9 

269 

2.09 

41618 

LCP  85-376 

8071 

30.1 

268 

1.98 

30539 

LCP  85-384 

11694 

44.3 

264 

1.87 

47553 

MSD.05 

1813 

7.3 

14 

NS 

12863 

Table  12.   1989  first  ratoon  means  of  the  1985  L  series  over  soil 
types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

7933 

29.2 

271 

2.30 

25401 

CP  70-321 

11255 

39.5 

284 

2.30 

35010 

CP  74-383 

9010 

36.4 

248 

2.54 

28743 

LCP  85-336 

12822 

46.9 

273 

2.20 

42970 

LCP  85-376 

11710 

41.2 

284 

2.27 

36410 

LCP  85-384 

12519 

46.2 

270 

1.80 

52035 

MSD.os 

3545 

9.8 

29 

0.63 

17387 
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Table  13.  1989  first  ratoon  means  of  the  1985  L  & 
Commerce  silt  loam  soil  at  St.  Gabriel. 


CP  series  on 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

6450 

24.2 

267 

2.31 

20849 

CP  70-321 

10182 

36.5 

279 

2.56 

28547 

CP  74-383 

8863 

36.6 

242 

2.53 

29115 

LCP  85-336 

12947 

46.4 

280 

2.27 

40968 

LCP  85-376 

12669 

43.2 

293 

2.24 

38737 

LCP  85-384 

12531 

44.9 

278 

1.57 

57116 

CP  85-803 

8812 

32.5 

272 

2.57 

25285 

CP  85-830 

8076 

32.5 

252 

2.07 

31337 

CP  85-845 

11507 

38.7 

297 

2.11 

37157 

MSD.05 

3617 

13.2 

53 

0.72 

10817 

Table  14.  1989  first  ratoon  means  of  the  1985  L  series  on  Sharkey 
clay  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs /A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

9416 

34.1 

276 

2.28 

29952 

CP  70-321 

12329 

42.5 

290 

2.05 

41474 

CP  74-383 

9157 

36.2 

254 

2.55 

28371 

LCP  85-336 

12697 

47.5 

267 

2.12 

44972 

LCP  85-376 

10751 

39.3 

274 

2.31 

34083 

LCP  85-384 

12507 

47.5 

263 

2.02 

46953 

MSD.OB 

3519 

9.1 

35 

0.33 

8489 
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Table  15.  1989  first  ratoon  means  of  the  1985  L  series  over  soil 
types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

7263 

26.2 

278 

2.53 

20752 

CP  70-321 

7519 

27.5 

273 

2.71 

20335 

CP  74-383 

9183 

35.7 

257 

2.68 

26980 

LCP  86-393 

10236 

38.2 

267 

2.41 

31730 

LCP  86-395 

7888 

29.0 

275 

2.22 

27019 

LCP  86-402 

9854 

36.8 

268 

2.98 

24887 

LCP  86-408 

9270 

35.0 

265 

2.24 

31590 

LCP  86-420 

8013 

29.5 

272 

2.03 

29081 

LCP  86-426 

9017 

34.7 

260 

2.06 

34325 

LCP  86-429 

11305 

43.1 

262 

2.59 

33406 

LCP  86-451 

7151 

26.1 

274 

2.56 

20540 

LCP  86-454 

11219 

38.8 

289 

2.93 

26295 

LCP  86-457 

10691 

41.8 

256 

2.56 

32698 

MSD.05 

2503 

9.0 

22 

0.41 

7677 
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Table  16.  1989  first  ratoon  means  of  the  1986  L  series  on  Commerce 
silt  loam  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs /A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP 

65-357 

7291 

27.8 

263 

2.44 

22627 

CP 

70-321 

8098 

29.5 

274 

2.86 

20768 

CP 

74-383 

9446 

37.1 

254 

2.60 

29111 

LCP 

86-393 

8484 

32.6 

261 

2.32 

28132 

LCP 

86-395 

7617 

27.2 

280 

2.36 

23286 

LCP 

86-402 

9355 

35.3 

265 

2.72 

26135 

LCP 

86-408 

8293 

32.6 

255 

2.06 

32157 

LCP 

86-420 

7845 

28.9 

272 

1.89 

30445 

LCP 

86-426 

8536 

32.2 

265 

2.11 

30642 

LCP 

86-429 

10740 

40.2 

267 

2.42 

33572 

LCP 

86-451 

6553 

24.4 

269 

2.64 

18436 

LCP 

86-454 

9118 

31.2 

290 

2.78 

22413 

LCP 

86-457 

10013 

39.4 

254 

2.47 

32000 

MSD. 

05 

2958 

8.8 

23 

0.65 

11600 

Table  17.  1989  first  ratoon  means  of  the  1986  L  series  on  Sharkey 
clay  soil  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

yield 

yield 

content 

weight 

number 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

CP  65-357 

7235 

24.7 

293 

2.62 

18876 

CP  70-321 

6941 

25.4 

272 

2.56 

19903 

CP  74-383 

8921 

34.3 

261 

2.77 

24850 

LCP  86-393 

11988 

43.9 

273 

2.49 

35328 

LCP  86-395 

8159 

30.8 

270 

2.08 

30753 

LCP  86-402 

10353 

38.3 

271 

3.24 

23639 

LCP  86-408 

10248 

37.4 

275 

2.42 

31023 

LCP  86-420 

8181 

30.1 

272 

2.17 

27718 

LCP  86-426 

9498 

37.3 

256 

2.01 

38008 

LCP  86-429 

11870 

46.1 

258 

2.75 

33241 

LCP  86-451 

7750 

27.9 

279 

2.48 

22643 

LCP  86-454 

13321 

46.4 

287 

3.08 

30176 

LCP  86-457 

11368 

44.1 

258 

2.66 

33396 

MSD.OB 

4211 

17.3 

33 

0.44 

NS 

168 


Table  18.  1989  plant  cane  means  of  the  1985  and  1986  L  &  CP  series 
over  soil  types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

Broken 

yield 

yield 

content 

weight 

number 

stalks 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

(%) 

CP 

65-357 

9999 

38.4 

261 

2.67 

28705 

28 

CP 

70-321 

10318 

39.1 

265 

2.49 

31873 

32 

CP 

74-383 

10481 

43.9 

239 

2.71 

32407 

38 

LCP 

85-336 

10935 

40.4 

272 

2.91 

27755 

35 

LCP 

85-376 

11120 

41.5 

268 

2.76 

30033 

28 

LCP 

85-384 

11711 

45.6 

256 

2.57 

36200 

47 

CP 

85-803 

10768 

40.5 

266 

2.66 

30566 

25 

CP 

85-830 

10851 

42.9 

253 

2.95 

29152 

58 

CP 

85-845 

12578 

48.1 

263 

2.90 

33027 

26 

LCP 

86-393 

8680 

33.7 

258 

2.65 

25826 

37 

CP 

86-395 

8965 

34.3 

264 

2.71 

25586 

69 

LCP 

86-402 

10044 

38.8 

260 

3.15 

26013 

62 

LCP 

86-408 

7810 

32.0 

243 

2.61 

24729 

50 

LCP 

86-420 

10223 

39.1 

263 

2.24 

34889 

69 

LCP 

86-426 

9081 

36.2 

252 

1.96 

37206 

30 

LCP 

86-429 

11470 

42.7 

271 

2.94 

29455 

28 

LCP 

86-451 

6283 

24.4 

259 

3.02 

16574 

44 

LCP 

86-454 

9503 

38.5 

249 

3.08 

25281 

43 

LCP 

86-457 

9095 

39.6 

231 

2.63 

30392 

54 

CP 

86-912 

10477 

37.9 

276 

2.49 

32023 

71 

CP 

86-915 

11913 

44.4 

271 

2.60 

34608 

58 

CP 

86-916 

10510 

40.9 

257 

3.17 

25821 

50 

CP 

86-917 

8120 

36.6 

229 

2.41 

30290 

61 

CP 

86-933 

10761 

44.1 

244 

2.81 

31465 

44 

CP 

86-941 

7823 

29.9 

262 

2.86 

20934 

52 

CP 

86-961 

13542 

51.6 

265 

3.03 

33902 

51 

CP 

86-974 

9836 

36.9 

270 

2.87 

25993 

40 

CP 

86-979 

10551 

40.9 

260 

2.47 

33425 

28 

MSD. 

OS 

4001 

11.9 

NS 

0.54 

10236 

34 

169 


Table  19.  1989  plant  cane  means  of  the  1987  L  series  over  soil 
types  at  St.  Gabriel. 


Variety 

Sucrose 

Cane 

Sucrose 

Stalk 

Stalk 

Broken 

yield 

yield 

content 

weight 

number 

stalks 

(lbs/A) 

(tons/A) 

(lbs/ton) 

(lbs) 

(no/A) 

(%) 

CP  65-357 

8827 

33.0 

268 

2.60 

25045 

17 

CP  70-321 

11566 

45.4 

255 

2.77 

33808 

52 

CP  74-383 

8854 

37.4 

236 

2.90 

25877 

14 

LCP  87-017 

8561 

36.0 

245 

2.48 

28995 

18 

LCP  87-018 

10055 

45.7 

223 

2.21 

43709 

23 

LCP  87-020 

6497 

27.7 

235 

2.41 

23176 

41 

LCP  87-023 

9361 

35.8 

262 

2.44 

29824 

61 

LCP  87-472 

8313 

34.5 

242 

2.90 

23874 

34 

LCP  87-479 

9756 

39.7 

246 

2.88 

27690 

30 

LCP  87-491 

9962 

40.0 

252 

2.10 

38649 

44 

LCP  87-492 

9600 

40.8 

237 

2.27 

37078 

50 

LCP  87-494 

9544 

37.2 

257 

2.79 

26538 

49 

LCP  87-496 

11700 

48.1 

243 

3.26 

29825 

24 

MSD.05 

4841 

13.0 

NS 

0.57 

11942 

40 

170 


1989  L.S.U.  Outfield  Variety  Trials 

K.  L.  Quebedeaux,  F.  A.  Martin 
Sugar  Station/Audubon  Sugar  Institute 

S.  B.  Milligan 
Agronomy  Department 

The  twelve  year  selection  cycle  of  the  Louisiana  Sugarcane 
Variety  Development  Program  culminates  in  the  outfield  variety 
trials.  The  purpose  of  these  trials  is  to  test  the  most  promising 
experimental  varieties  across  the  range  of  environmental 
conditions,  farm  management  scenarios  and  mechanical  harvesting 
situations  a  successful  variety  must  endure.  To  accomplish  this 
goal,  LSU,  the  USDA  and  the  American  Sugarcane  League  cooperatively 
conduct  trials  at  fourteen  commercial  farms  throughout  the 
sugarcane  belt.  LSU  is  primarily  responsible  for  six  of  these 
tests  while  the  USDA  is  primarily  responsible  for  the  other  eight. 
Reported  here  are  results  from  LSU  sites  during  1989. 

Five  commercial  and  thirteen  experimental  varieties  were 
planted  in  outfield  trials  in  1989  (Table  1).  Three  trials  (plant 
cane,  first  and  second  ratoon)  were  harvested  at  most  of  these 
locations.  In  these  trials,  experimental  varieties  were  evaluated 
along  with  recommended  varieties  under  commercial  farm  conditions. 
The  locations  of  these  tests  represent  the  soil  types,  managerial 
structures,  and  weather  patterns  of  the  major  sugarcane  producing 
areas  of  the  state. 

Pathologists  and  entomologists,  from  both  LSU  and  USDA, 
freguently  evaluated  disease  and  insect  pressures  at  the  outfield 
locations.  These  data  were  recorded  and  used  by  the  scientists  in 
their  respective  disciplines  to  appraise  the  resistance  and/or 
susceptibility  of  experimental  varieties  to  specific  crop  pests. 

Three  replications  of  each  variety  were  planted  in  3  row  plots 
32  feet  long.  Rows  were  on  six  foot  centers.  A  randomized 
complete  block  design  was  used  at  each  location.  Seventeen 
experimental  varieties  were  also  introduced  to  the  outfield 
locations  for  seed  increase  in  1989. 

The  number  of  mi liable  stalks  in  all  plots  were  counted  in 
August  and  September.  All  trials  are  harvested  mechanically, 
separated  by  hand  and  then  weighed  with  a  tractor-mounted  hydraulic 
weigh  rig.  A  fifteen-stalk  sample  was  taken  from  each  plot  and 
sent  to  the  USDA  sucrose  lab  at  the  Ardoyne  Farm  for  juice 
analysis. 

Results  from  the  1989  harvest  can  be  found  in  Tables  3  through 
18.  For  tests  in  which  stalk  counts  were  made,  an  analysis  was 
performed  for  yields  based  on  stalk  counts  (CNTS)  and  yields  based 
on  plot  weights  (PWT).  Varieties  with  the  notation  "KT"  represents 
the  Kleentek  seed  source  of  this  commercial  variety. 
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Table  1.   Locations  and  dates  of  planting  for  the  LSU 
outfield  variety  trials  planted  in  1989. 


Locations 

Planting 

Soil 

Soil 

date 

type 

texture1 

A.V.  Allain 

09/28/89 

Baldwin  silty  clay 

s.  clay 

Evan  Hall 

10/10/89 

Sharkey  clay 

s.  clay 

Frank  Pearce 

09/25/89 

Commerce  silt  loam 

s.  clay 

Lanaux ' s 

09/13/89 

Commerce  silt  loam 

s.  loam 

Glenwood 

10/03/89 

Commerce  silt  loam 

s.  loam 

Cinclare 

10/31/89 

Convent  silt  loam 

v.f.s.  loam 

1  s.  =  silty  ; 

v . f . s .  =  very 

fine  silty 

Table  2.   Varieties  planted  in  the  outfield  variety  trials 
in  1988. 


Commercial 

Experimental 

Varieties 

introduced 

varieties 

varieties 

to  outfield 

CP65-357 

LCP82-089 

LCP85-336 

LCP86-393 

CP86-912 

CP70-321 

CP82-550 

LCP85-376 

LCP86-395 

CP86-915 

CP74-383 

CP82-551 

LCP85-384 

LCP86-402 

CP86-916 

CP76-331 

LCP83-153 

CP85-803 

LCP86-408 

CP86-917 

CP79-318 

CP83-625 

CP85-830 

LCP86-420 

CP86-933 

CP83-644 

CP85-845 

LCP86-426 

CP86-941 

CP84-730 

LCP86-451 
LCP86-454 

CP86-961 
CP86-974 
CP86-979 

A.  V.  Allain 

and  Sons: 

All  three  tests  were  cut 

with  a  two-row 

harvester  in  two  directions.  Some  varieties  were  leaning  or  lodged 
in  the  plant  cane  test  while  all  varieties  were  erect  in  first  and 
second  ratoon  tests.  Several  varieties  left  some  scrap  in  the 
plant  cane  and  second  ratoon  tests.  Weed  pressure  was  light 
throughout  all  tests. 
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Table  3.   The  1989  results  from  the  plant  cane  variety  trial 
at  Allain. 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

vield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Numb 

er/A) 

CP  70-321 

6914 

270 

25.6 

2.92 

17515 

19887 

Erect 

None 

CP  72-370 

6202 

260 

23.9 

2.66 

18036 

17151 

Erect 

None 

CP  74-383 

7441 

252 

29.5 

2.54 

23326 

22488 

Erect 

None 

CP  79-318 

7603 

274 

27.7 

2.92 

19011 

18615 

Leaned 

None 

LCP  82-089 

7918 

271 

29.2 

2.95 

19849 

21737 

Leaned 

None 

CP  82-550 

7260 

296 

24.6 

2.52 

19488 

20696 

Lodged 

None 

CP  82-551 

6937 

261 

26.6 

2.77 

19193 

17998 

Erect 

None 

LCP  83-153 

7514 

265 

28.4 

2.70 

20268 

21525 

Erect 

Some 

CP  83-625 

7540 

286 

26.4 

2.61 

20311 

20388 

Leaned 

None 

CP  83-644 

6639 

294 

22.6 

2.98 

15165 

18615 

Lodged 

Some 

L  84-290 

6264 

257 

24.4 

2.31 

21130 

20831 

Leaned 

None 

CP  84-730 

6797 

293 

23.2 

3.32 

14009 

14376 

Erect 

None 

MSD05 

864 

14 

3.2 

0.25 

2987 

1919 

Date  Planted:  10/14/88 
Date  Harvested:  12/05/89 


Soil  Type:  Baldwin  silty  clay 
Harvest  Condition:  Good 


Table  4.   The  1989  results  from  the  first  ratoon  variety  trial  at 
Allain. 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

yield 

weiaht 

DWt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

2697 

245 

11.0 

2.22 

9934 

8498 

Erect 

None 

CP  70-321 

6424 

267 

24.1 

2.24 

21434 

20774 

Erect 

None 

CP  74-383 

6094 

235 

25.9 

2.25 

23055 

19483 

Erect 

None 

CP  76-331 

6697 

269 

24.9 

2.61 

19105 

19309 

Erect 

None 

CP  79-318 

7487 

269 

27.8 

2.44 

22786 

24319 

Erect 

None 

LCP  82-089 

8874 

274 

32.3 

2.38 

27168 

28983 

Erect 

None 

CP  82-550 

7404 

280 

26.4 

1.93 

27422 

27075 

Erect 

None 

CP  82-551 

6280 

254 

24.7 

2.27 

21741 

18981 

Erect 

None 

LCP  83-153 

7085 

250 

28.3 

2.19 

25986 

25225 

Erect 

None 

CP  83-625 

7676 

276 

27.8 

1.87 

29810 

25726 

Erect 

None 

CP  83-644 

8748 

296 

29.5 

2.25 

26647 

26073 

Erect 

None 

MSD05 

1137 

16 

3.8 

0.34 

4221 

2562 

Date  Planted:  09/08/87 
Date  Harvested:  11/01/89 


Soil  Type:  Baldwin  silty  clay 
Harvest  Condition:  Good 
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Table  5 . 
Allain. 


The  1989  results  from  the  second  ratoon  variety  trial  at 


Variety 

Sucrose 
yield 

Sucrose 
content 

Cane 
vield 

Stalk 
weicrht 

Population 
Dwt    cnts 

Erect- 
ness 

Scrap 

CP  65-357 

(lbs/A) 
3483 

(lbs/T) 
254 

(T/A) 
13.7 

(lbs) 
1.97 

(Number/ A) 
14069   10040 

Erect 

None 

CP  65-357KT 

6525 

249 

26.2 

2.25 

23424 

Erect 

None 

CP  70-321 

4397 

242 

18.2 

1.90 

19003 

16322 

Erect 

None 

CP  74-383 

5791 

257 

22.5 

2.11 

21305 

18933 

Erect 

None 

CP  76-331 

5529 

277 

20.0 

2.05 

18816 

18962 

Erect 

Some 

CP  79-318 

5533 

250 

22.1 

2.32 

19121 

20253 

Erect 

Some 

LCP  82-089 

7902 

259 

30.3 

2.00 

31677 

29330 

Erect 

None 

CP  82-550 

6039 

264 

22.8 

1.73 

26433 

23741 

Erect 

Some 

CP  82-551 

4992 

247 

20.3 

1.86 

22012 

16804 

Erect 

Some 

MSD05 

1655 

26 

5.9 

0.46 

8414 

5018 

Date  Planted:  09/12/86 
Date  Harvested:  11/01/89 


Soil  Type:  Baldwin  silty  clay 
Harvest  Condition:  Good 


Cinclare:  Only  the  plant  cane  and  second  ratoon  tests  were  harvested  at 
this  location.  Both  tests  were  cut  with  a  single-row  harvester  in  two 
directions.  Both  tests  were  erect  (except  for  CP  82-550  which  lodged  in 
second  ratoon)  and  generally,  harvested  well.  There  was  johnsongrass 
pressure  in  the  test  fields. 


Table  6 . 
Cinclare. 


The  1989  results  from  the  plant  cane  variety  trial  at 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

yield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Numb 

er/A) 

CP  65-357 

5519 

250 

22.1 

2.74 

16200 

12718 

Lodged 

Much 

CP  70-321 

6607 

251 

26.4 

2.86 

18557 

19020 

Erect 

None 

CP  74-383 

7076 

215 

33.1 

2.78 

24176 

21005 

Lodged 

Some 

CP  76-331 

8153 

267 

30.5 

3.04 

20213 

21294 

Erect 

None 

CP  79-318 

7488 

256 

29.3 

2.88 

20338 

19733 

Erect 

None 

LCP  82-089 

6529 

242 

27.1 

2.62 

20615 

21332 

Erect 

None 

CP  82-550 

6017 

264 

22.8 

2.56 

17883 

19829 

Erect 

None 

CP  82-551 

7204 

255 

28.2 

2.65 

21291 

16245 

Erect 

None 

LCP  83-153 

6849 

249 

27.4 

2.58 

21251 

20195 

Erect 

None 

CP  83-625 

5659 

260 

21.9 

2.51 

17311 

18923 

Erect 

None 

CP  83-644 

7217 

279 

25.9 

2.92 

17812 

20562 

Erect 

None 

L  84-290 

6383 

239 

26.5 

2.43 

22013 

20369 

Erect 

None 

CP  84-730 

9192 

279 

32.9 

3.11 

21154 

21101 

Erect 

None 

MSD05 

1604 

18 

6.4 

0.57 

6725 

6515 

Date  Planted:  09/22/88 
Date  Harvested:  12/11/89 


Soil  Type:  Convent  silt  loam 
Harvest  Condition:  Good 
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Table  7. 
Cinclare. 


The  1989  results  from  the  second  ratoon  variety  trial  at 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

yield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

3200 

215 

15.0 

2.61 

11498 

9944 

Erect 

None 

CP  65-357KT 

5796 

214 

26.9 

2.43 

22201 

Erect 

None 

CP  70-321 

5710 

231 

24.8 

2.32 

21212 

20407 

Erect 

None 

CP  70-321KT 

7599 

246 

30.8 

2.21 

28218 

Erect 

None 

CP  74-383 

6624 

196 

33.8 

2.77 

24424 

24821 

Erect 

None 

CP  76-331 

6660 

237 

27.9 

2.52 

22683 

20812 

Erect 

None 

CP  79-318 

6699 

228 

29.3 

2.62 

22380 

23259 

Erect 

Much 

LCP  82-089 

7474 

232 

32.1 

2.29 

28345 

28462 

Erect 

None 

CP  82-550 

6090 

249 

24.6 

2.22 

22572 

25764 

Lodged 

Much 

CP  82-551 

6590 

224 

29.3 

2.39 

24539 

21872 

Erect 

Some 

MSD05 

2696 

30 

9.0 

0.52 

8816 

7145 

Date  Planted:  10/02/86 
Date  Harvested:  10/31/89 


Soil  Type:  Convent  silt  loam 
Harvest  Condition:  Good 


Evan  Hall:   There  was  no  second  ratoon  test  at  this  location.   All 


varieties  were  erect 

and  harvested  well.   Tests  were  cut  with  a  two-row 

harvester  and  were  weed  free. 

Table  8. 

The  1989 

results  from  the 

plant 

cane  variety 

trial  at 

Evan 

Hall. 

Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

yield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

7008 

241 

29.1 

3.05 

19080 

17613 

Erect 

None 

CP  70-321 

7210 

228 

31.7 

2.80 

22667 

21024 

Erect 

None 

CP  72-370 

7315 

230 

31.7 

2.75 

23085 

20947 

Erect 

None 

CP  74-383 

6974 

219 

31.8 

2.54 

25226 

23124 

Erect 

None 

CP  79-318 

7937 

269 

29.4 

2.94 

20090 

20561 

Erect 

None 

LCP  82-089 

7291 

228 

32.0 

2.87 

22322 

23125 

Erect 

None 

CP  82-550 

7605 

257 

29.6 

2.49 

24146 

22238 

Erect 

None 

CP  82-551 

6021 

212 

28.4 

2.61 

21898 

19463 

Erect 

None 

LCP  83-153 

6698 

227 

29.5 

2.51 

23482 

22373 

Erect 

None 

CP  83-625 

6992 

247 

28.2 

2.54 

22418 

20600 

Erect 

None 

CP  83-644 

8183 

261 

31.3 

3.00 

20820 

21294 

Erect 

None 

L  84-290 

6782 

215 

31.6 

2.16 

29943 

24955 

Erect 

None 

CP  84-730 

7558 

255 

29.6 

3.51 

16970 

15917 

Erect 

None 

MSD05 

2197 

24 

NS 

0.41 

6521 

1712 

Date  Planted:  10/12/88 
Date  Harvested:  12/06/89 


Soil  Type:  Sharkey  clay 
Harvest  Condition:  Good 
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Table  9. 
Hall. 


The  1989  results  from  the  first  ratoon  variety  trial  at  Evan 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

yield 

weiaht 

pwt 

cnts 

ness 

(lbs /A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number /A) 

CP  65-357 

5308 

232 

22.9 

2.20 

20882 

21467 

Erect 

None 

CP  70-321 

6322 

245 

25.8 

2.17 

23971 

22778 

Erect 

None 

CP  74-383 

4771 

216 

22.3 

2.12 

20993 

21352 

Erect 

None 

LCP  82-089 

6771 

235 

28.8 

1.90 

30946 

31565 

Erect 

None 

CP  82-550 

6007 

260 

23.1 

1.57 

29890 

27595 

Erect 

None 

CP  82-551 

6054 

246 

24.6 

1.89 

26093 

22045 

Erect 

None 

LCP  83-153 

4815 

223 

21.7 

1.59 

27522 

26516 

Erect 

None 

CP  83-625 

4329 

262 

16.5 

1.92 

17247 

19829 

Erect 

None 

CP  83-644 

7403 

257 

28.8 

2.15 

26971 

28270 

Erect 

None 

MSD05 

1012 

21 

3.6 

0.27 

7541 

3524 

Date  Planted:  09/11/87 
Date  Harvested:  10/27/89 


Soil  Type:  Sharkey  clay 
Harvest  Condition:  Good 


Glenwood:   All  three  tests  were  cut  with  a  single-row  harvester  in  two 
directions.   Some  varieties  harvested  poorly  (CP  79-318,  CP  82- 
551,  CP  83-625,  CP  83-644  and  CP  84-730)  and  left  much  scrap. 
There  was  a  moderate  johnsongrass  Population  throughout 
the  tests. 


Table  10. 
Glenwood. 


The  1989  results  from  the  plant  cane  variety  trial  at 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

yield 

weight 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number /A) 

CP  65-357 

6136 

270 

22.7 

2.84 

16070 

16207 

Erect 

None 

CP  70-321 

5091 

255 

20.0 

2.76 

14491 

15802 

Erect 

None 

CP  74-383 

6148 

238 

25.9 

2.47 

21012 

21024 

Erect 

None 

CP  76-331 

7084 

279 

25.4 

2.74 

18572 

18847 

Erect 

None 

CP  79-318 

6265 

272 

23.1 

2.64 

17461 

18692 

Erect 

None 

LCP  82-089 

5232 

259 

20.2 

2.34 

17333 

18885 

Erect 

None 

CP  82-550 

6399 

287 

22.3 

2.15 

20807 

19887 

Erect 

None 

CP  82-551 

5654 

273 

20.7 

2.44 

16977 

18211 

Erect 

Much 

LCP  83-153 

6278 

268 

23.5 

2.49 

18842 

21236 

Erect 

None 

CP  83-625 

6554 

285 

23.0 

2.46 

18725 

21390 

Erect 

None 

CP  83-644 

5458 

305 

17.9 

2.84 

12584 

19290 

Lodged  \ 

r.Much 

L  84-290 

4860 

233 

20.8 

2.28 

18310 

18326 

Erect 

None 

CP  84-730 

6457 

286 

22.5 

3.32 

13564 

14222 

Lodged 

Much 

MSD.05 

1110 

18 

3.7 

0.26 

2565 

2208 

Date  Planted:  09/20/88 
Date  Harvested:  11/29/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Good 
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Table  11. 

The  1989 

results 

from  the  first  ratoon  variety  tri 

al  at 

Glenwood. 

Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

yield 

weight 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/A) 

CP  65-357 

6144 

281 

21.9 

2.44 

17978 

17979 

Erect 

None 

CP  70-321 

5852 

261 

22.5 

1.92 

23761 

21390 

Lodged 

Some 

CP  74-383 

6929 

239 

29.0 

2.33 

24970 

23548 

Erect 

None 

CP  76-331 

8008 

292 

27.3 

2.28 

24019 

23934 

Erect 

None 

CP  79-318 

7171 

293 

24.5 

2.21 

22183 

24830 

Opened 

Much 

LCP  82-089 

6716 

284 

23.7 

2.00 

23976 

25591 

Erect 

None 

CP  82-550 

5694 

295 

19.3 

1.90 

20312 

24541 

Lodged 

Some 

CP  82-551 

4790 

282 

17.0 

2.04 

16619 

21583 

Erect 

Some 

LCP  83-153 

6928 

277 

25.0 

2.16 

23207 

25745 

Erect 

Some 

CP  83-625 

6660 

297 

22.4 

1.88 

24213 

26458 

Lodged 

Much 

CP  83-644 

6090 

309 

19.8 

2.33 

16992 

24685 

Lodged  V 

.Much 

MSD.05 

1556 

15 

5.1 

0.38 

5776 

2909 

Date  Planted:  09/28/87 
Date  Harvested:  11/29/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Fair 


Table  12. 

The  1989 

results 

from  the  second  ratoon  var: 

Lety  tri 

al  at 

Glenwood. 

Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

yield 

weight 

pwt 

cnts 

ness 

(lbs /A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number /A) 

CP  65-357 

4864 

247 

19.7 

2.12 

18536 

13566 

Erect 

None 

CP  70-321 

6281 

241 

26.3 

2.02 

26092 

21988 

Erect 

None 

CP  74-383 

6925 

217 

32.3 

2.22 

28861 

25687 

Erect 

None 

CP  76-331 

8369 

271 

30.9 

2.20 

28290 

24281 

Erect 

None 

CP  79-318 

7676 

247 

31.1 

2.21 

28396 

27576 

Erect 

None 

LCP  82-089 

6534 

238 

27.3 

1.79 

30624 

26979 

Erect 

None 

CP  82-550 

5840 

270 

21.5 

1.64 

26280 

23356 

Erect 

None 

CP  82-551 

8039 

250 

32.3 

2.06 

31332 

25052 

Erect 

None 

MSD.o5 

1455 

27 

6.1 

0.32 

9191 

5760 

Date  Planted:  10/06/86 
Date  Harvested:  11/07/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Good 


Lanaux :  All  three  tests  at  this  location  were  cut  with  a  two-row 
harvester.  Plant  cane  and  first  ratoon  tests  were  cut  in  one  direction 
due  to  severe  lodging.  Several  varieties  in  these  two  tests  left  much 
scrap.  The  second  ratoon  test  was  erect  and  was  harvested  in  two 
directions.   All  three  tests  were  weed  free. 
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Table  13.  The  1989  results  from  the  plant  cane  variety  trial  at  Lanaux. 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

vield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Numb( 

sr/A) 

CP  65-357 

6854 

253 

26.9 

2.80 

19690 

20234 

Erect 

None 

CP  70-321 

7869 

267 

29.5 

2.74 

21508 

24396 

Lodged 

None 

CP  74-383 

7055 

256 

27.7 

2.29 

24168 

25187 

Erect 

None 

CP  76-331 

8271 

279 

29.7 

2.76 

21705 

25456 

Lodged 

Some 

CP  79-318 

7286 

272 

26.7 

2.63 

20422 

25013 

Erect 

None 

LCP  82-089 

6836 

270 

25.4 

2.25 

22872 

26651 

Erect 

None 

CP  82-550 

6984 

273 

25.6 

2.20 

23278 

26824 

Erect 

Some 

CP  82-551 

6490 

260 

24.9 

2.34 

21326 

21101 

Lodged 

None 

LCP  83-153 

7552 

257 

29.3 

2.36 

24822 

26593 

Leaned 

None 

CP  83-625 

7473 

279 

26.8 

2.27 

23661 

26420 

Erect 

None 

CP  83-644 

7516 

286 

26.4 

2.87 

18343 

22720 

Erect 

Some 

L  84-290 

7392 

263 

28.1 

2.02 

27812 

30216 

Erect 

None 

CP  84-730 

8189 

282 

29.1 

2.85 

20364 

19983 

Erect 

None 

MSD05 

1394 

21 

4.9 

0.38 

4604 

3413 

Date  Planted:  09/09/88 
Date  Harvested:  12/04/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Fair 


Table  14.   The  1989  results  from  the  first  ratoon  variety  trial  at 
Lanaux . 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

vield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

6676 

272 

24.5 

2.23 

21972 

22508 

Erect 

None 

CP  70-321 

7351 

275 

26.8 

2.13 

25224 

27692 

Lodged 

Much 

CP  74-383 

6883 

260 

26.4 

2.21 

23884 

23298 

Leaned 

None 

CP  76-331 

8102 

289 

28.1 

2.33 

24200 

25745 

Lodged 

Much 

CP  79-318 

7365 

276 

26.7 

2.57 

20800 

24955 

Lodged 

Much 

LCP  82-089 

6110 

266 

23.1 

2.09 

22053 

27779 

Leaned 

None 

CP  82-550 

6695 

278 

24.1 

1.91 

25104 

24425 

Leaned 

None 

CP  82-551 

6731 

281 

24.0 

2.19 

21975 

24416 

Leaned 

Much 

LCP  83-153 

7395 

275 

26.9 

2.23 

24409 

27075 

Leaned 

Some 

CP  83-625 

7683 

278 

27.6 

1.93 

28874 

30871 

Leaned 

None 

CP  83-644 

6603 

282 

23.4 

2.60 

18101 

27114 

Lodged 

Much 

MSD.05 

2170 

28 

7.7 

0.34 

6844 

2721 

Date  Planted:  09/15/87 
Date  Harvested:  12/04/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Fair 
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Table  15.   The  1989 

results  from  the  second  ratoon  variety  trial  at 

Lanaux . 

Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

PoDulation 

Erect- 

Scrap 

yield 

content 

vield 

weicrht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

4784 

205 

23.3 

2.30 

20294 

24223 

Erect 

None 

CP  65-357KT 

5673 

212 

26.7 

2.16 

23527 

Erect 

None 

CP  70-321 

4947 

230 

21.5 

2.22 

19348 

22122 

Erect 

None 

CP  70-321KT 

5338 

245 

21.8 

1.88 

23241 

Erect 

None 

CP  74-383 

7386 

217 

34.0 

2.37 

28841 

31160 

Erect 

None 

CP  76-331 

7239 

242 

30.0 

1.77 

50550 

27846 

Erect 

None 

CP  79-318 

7145 

257 

27.9 

1.98 

28200 

30216 

Erect 

None 

LCP  82-089 

6456 

227 

28.3 

1.93 

29528 

32605 

Erect 

None 

CP  82-550 

4610 

196 

23.9 

1.73 

27681 

31892 

Lodged 

Some 

CP  82-551 

6242 

234 

26.5 

2.12 

24907 

24512 

Erect 

None 

MSD05 

1669 

69 

4.3 

0.84 

NS 

5747 

Date  Planted:  09/10/86 
Date  Harvested:  10/18/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Good. 


Frank  Pearce  and  Sons:  All  three  tests  at  this  location  were  cut  with 
a  two-row  harvester  in  two  directions.  A  few  varieties  were  lodged  in 
the  plant  cane  test  (CP  74-383,  CP  83-625,  LCP  83-153  and  CP  84-  730), 
but  most  harvested  well.  First  and  second  ratoon  tests  were  Erect  and 
harvested  well,  except  for  CP  83-625  and  CP  82-550.  There  were  moderate 
to  heavy  patches  of  itchgrass  throughout  all  test  fields. 

Table  16.  The  1989  results  from  the  plant  cane  variety  trial  at  Pearce. 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

yield 

weight 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP 

65-357 

6050 

224 

27.1 

2.73 

19921 

17073 

Leaned 

None 

CP 

70-321 

5351 

207 

26.0 

2.90 

18030 

18153 

Erect 

None 

CP 

74-383 

6974 

203 

34.3 

2.42 

28440 

23529 

Lodged 

None 

CP 

76-331 

6884 

240 

28.8 

3.06 

18820 

19617 

Leaned 

None 

CP 

79-318 

7232 

237 

30.6 

2.67 

22915 

21178 

Leaned 

Some 

CP 

82-550 

5673 

225 

25.6 

2.17 

24163 

20793 

Erect 

None 

CP 

82-551 

6639 

220 

30.3 

2.67 

22661 

18249 

Erect 

None 

LCP 

83-153 

5297 

216 

24.6 

2.65 

17471 

24415 

Lodged 

Some 

CP 

83-625 

6413 

227 

28.2 

2.57 

21984 

22797 

Lodged 

None 

CP 

83-644 

6672 

249 

26.9 

3.00 

17922 

21448 

Erect 

None 

L 

84-290 

5568 

194 

28.5 

2.45 

23338 

22373 

Erect 

None 

CP 

84-730 

7374 

247 

29.9 

3.37 

17719 

15696 

Lodged 

None 

MSD 

05 

1514 

34 

8.1 

0.41 

7103 

3932 

Date  Planted:  10/19/88 
Date  Harvested:  12/06/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Fair 


179 


Table  17 . 
Pearce . 


The  1989  results  from  the  first  ratoon  variety  trial  at 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

yield 

content 

vield 

weicrht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

6701 

237 

28.3 

2.30 

24832 

24685 

Erect 

None 

CP  70-321 

5638 

241 

23.4 

1.71 

27408 

25360 

Erect 

None 

CP  74-383 

7230 

222 

32.5 

2.18 

30197 

26901 

Erect 

None 

CP  76-331 

7252 

260 

27.9 

2.29 

24271 

25321 

Erect 

None 

CP  79-318 

7871 

254 

31.1 

2.08 

29863 

30736 

Erect 

None 

LCP  82-089 

7441 

260 

28.6 

1.74 

32970 

29850 

Erect 

None 

CP  82-550 

6049 

265 

22.9 

1.51 

30549 

29542 

Lodged 

Some 

CP  82-551 

6845 

257 

26.6 

1.90 

28228 

24473 

Erect 

Some 

LCP  83-153 

6632 

235 

28.2 

1.97 

28610 

29715 

Erect 

None 

CP  83-625 

5955 

246 

24.2 

1.64 

29634 

27981 

Lodged 

None 

CP  83-644 

8474 

272 

31.1 

1.98 

31516 

31661 

Opened 

None 

MSD05 

1250 

27 

3.6 

0.26 

7034 

3191 

Date  Planted:  09/12/87 
Date  Harvested:  11/06/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Good 


Table  18.   The  1989  results  from  the  second  ratoon  variety  trial  at 
Pearce. 


Variety 

Sucrose 

Sucrose 

Cane 

Stalk 

Population 

Erect- 

Scrap 

vield 

content 

yield 

weiaht 

pwt 

cnts 

ness 

(lbs/A) 

(lbs/T) 

(T/A) 

(lbs) 

(Number/ A) 

CP  65-357 

5862 

224 

26.2 

2.33 

22597 

19887 

Erect 

None 

CP  70-321 

5036 

200 

25.1 

2.09 

24338 

24425 

Erect 

None 

CP  74-383 

6884 

230 

30.0 

2.03 

29475 

28250 

Erect 

None 

CP  76-331 

6800 

252 

27.0 

2.31 

23553 

26304 

Erect 

None 

CP  79-318 

7229 

236 

30.6 

2.10 

29207 

27923 

Erect 

None 

LCP  82-089 

8094 

235 

34.6 

2.02 

34782 

36787 

Erect 

None 

CP  82-550 

7168 

257 

27.9 

1.64 

34832 

29946 

Erect 

None 

CP  82-551 

6648 

245 

27.2 

1.98 

27454 

27056 

Erect 

None 

MSD>05 

1033 

33 

4.1 

0.49 

8954 

4535 

Date  Planted:  09/11/86 
Date  Harvested:  11/06/89 


Soil  Type:  Commerce  silt  loam 
Harvest  Condition:  Good 


Acknowledgments ;  The  data  for  this  report  were  obtained  through  a 
cooperative  effort  of  personnel  from  the  Louisiana  Agricultural 
Experimental  Station  -  LSUAC;  USDA  -  Agricultural  Research  Service, 
Sugarcane  Research  Unit;  and  the  American  Sugar  Cane  League  in 
accordance  to  the  provisions  of  the  "Three-way  Agreement  of  1978".  The 
testing  program  would  not  be  possible  without  full  cooperation  from  the 
growers  at  each  outfield  location. 
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Summary  of  1989  Outfield  Variety  Trials 
for  Yield  and  Harvestability  Across  Locations 

K.  L.  Quebedeaux,  and  F.  A.  Martin 
Sugar  Station/  Audubon  Sugar  Institute 

S.  B.  Milligan 
Agronomy  Department 

The  purpose  of  the  outfield  trials  is  to  test  and  identify 
experimental  varieties  for  potential  commercial  production.  These 
trials  are  cooperatively  conducted  at  14  locations  throughout  the 
Louisiana  sugarcane  belt  by  the  Louisiana  Agricultural  Experiment 
Station,  the  United  States  Department  of  Agriculture  -  Agricultural 
Research  Service  and  the  American  Sugar  Cane  League. 

The  criteria  for  a  successful  variety  includes  reasonable 
performance  with  regard  to  yield  and  harvestability  across 
locations,  crops,  and  years  relative  to  commercial  varietal  yields. 
Accurate  varietal  evaluation  requires  overall  performance 
information  in  addition  to  close  scrutiny  of  performance  under 
adverse  harvest  conditions.  The  objective  of  this  report  is  to 
provide  an  overall  and  specific  location  -  crop  yield  and  harvest 
data  compilation  for  1989  outfield  locations.  Details  of  the  type 
of  data  collected  and  analysis  performed  are  described  in  the  "1989 
L.S.U.  Outfield  Variety  Trials"  summary  found  in  this  annual 
report. 

The  effect  of  locations  (grouped  by  soil  texture)  on  varietal 
yield  can  be  found  in  tables  1  through  12.  Tables  1  through  4 
contain  plant  cane  data.  Tables  5  through  8  contain  first  ratoon 
data.   Tables  9  through  12  contain  second  ratoon  data. 

Two  estimates  of  cane  yield  were  made  for  each  plot.  One  was 
based  upon  stalk  counts  (stalk  count  *  stalk  weight),  the  other  was 
estimated  by  the  plot  weight.  A  harvest  index  was  calculated  as 
the  ratio  of  plot  weight  based  cane  yield  to  stalk  count  based  cane 
yield.  A  low  ratio  might  suggest  a  smaller  proportion  of  the 
estimated  cane  was  being  mechanically  harvested  and  transferred  to 
the  heap.  Two  factors  may  also  affect  this  ratio.  Differences  in 
trashiness  and  non-random  stalk  sampling  could  also  affect 
differences  in  the  harvest  index.  The  utility  of  the  harvest  index 
is  yet  to  be  proven. 

The  harvestability  of  a  sugarcane  variety  in  Louisiana  is 
affected  by  the  erectness  and  the  brittleness  of  the  variety  in 
interaction  with  the  conditions  under  which  it  was  grown  and 
harvested  (weather,  row  profile,  type  and  condition  of  the 
harvester,  and  skill  of  the  harvester  operator).  The 
harvestability  of  experimental  varieties  can  be  observed  under  a 
wide  range  of  conditions  in  the  outfield  stage  of  the  variety 
testing  program. 

The  suitability  of  an  experimental  variety  to  mechanical 
harvesting  can  best  be  assessed  if  the  condition  during  harvesting 
and  the  harvestabilities  of  standard  varieties  in  the  test  field 
are  documented  along  with  the  harvestability  of  the  experimental 
variety. 
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As  part  of  the  overall  process,  the  condition  of  the  test 
field  is  documented  at  the  time  of  the  harvest.  As  the  test  field 
is  cut,  the  outfield  agronomists  note  the  erectness  (or  lack  of)  of 
each  variety  for  which  yield  data  will  be  taken.  After  the  test 
field  is  cut,  the  heap  row  for  each  variety  is  subjectively  rated 
for  scrappiness  or  the  amount  of  cane  left  in  the  plot.  Although 
most  varieties  behave  consistently  at  a  specific  location,  a 
variety  was  considered  to  be  scrappy  or  lodged  for  a  test  if  it  was 
rated  as  scrappy  or  lodged  in  any  one  replication.  The  data  in 
tables  13  through  16  represent  the  number  of  locations  in  which 
each  variety  was  rated  in  each  category  with  regards  to  pre-harvest 
erectness  and  post-harvest  scrap.  Although  most  of  the  tests 
harvested  well  in  1989,  it  can  be  seen  that  some  varieties  do  not 
harvest  well  under  certain  conditions. 

Acknowledgments : The  data  for  this  report  were  obtained  through  a 
cooperative  effort  of  personnel  from  the  Louisiana  Agricultural 
Experimental  Station-LSUAC;  USDA-  Agricultural  Research  Service, 
Sugarcane  Research  Unit;  and  the  American  Sugar  Cane  League  in 
accordance  to  the  provisions  of  the  "Three-way  Agreement  of  1978". 
The  testing  program  would  not  be  possible  without  full  cooperation 
from  the  growers  at  each  outfield  location. 
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SUGARCANE  ANALYSIS  USING  NEAR  INFRARED  SPECTROSCOPY 

XAVIER  P.M.  URLINGS   LALIT  R.  VERMA   DANIEL  E.  MARTIN 
AGRICULTURAL  ENGINEERING 


INTRODUCTION; 

The  operation  of  NIR  (Near  Infrared  Reflectance)  spectroscopy  is 
based  on  the  empirical  relationships  between  the  reflected  near 
infrared  radiation  from  the  surface  of  the  sample  and  the  chemical 
composition  of  that  particular  sample.  Certain  physical  properties 
such  as  particle  size  can  influence  the  NIR  spectra.  By  measuring 
the  changes  in  near  infrared  reflection  at  certain  wavelengths,  the 
chemical  and  physical  properties  of  the  sample  can  be  determined. 
The  main  advantages  of  the  NIR  method  are  its  speed  and  simplicity, 
making  it  ideal  for  routine  process  control.  Usually,  a  sample  can 
be  analyzed  for  several  constituents  in  a  few  minutes  and  with 
little  preparation. 

Sugar,  fiber,  and  moisture  contents  are  essential  measurements  for 
determining  sugarcane  quality  in  the  sugarcane  industry  as  well  as 
for  sugarcane  research.  The  traditional  press-method  (Tanimoto, 
1964) ,  however  requires  48  hours  to  complete.  An  alternate  method 
requiring  considerably  less  time  would  be  very  helpful  in 
determining  the  sugarcane  quality. 

NIR  spectroscopy  has  been  utilized  in  research  for  several  years 
with  promising  results  to  date.  It  was  evaluated  for  the 
determination  of  brix,  pol,  fiber,  sugar,  moisture, purity, 
conductivity  and  Ccs  contents  in  sugarcane  samples.  Data  was 
collected  and  compared  with  data  obtained  using  the  standard  press 
method  in  the  lab. 

OBJECTIVES ; 

1)  To  develop  and  evaluate  a  calibration  for  brix,  pol,  sucrose, 
fiber,  and  moisture  content,  based  on  at  least  50  sugarcane  samples 
with  a  ten  fixed  filter  wavelength  spectroscope  with  the  standard 
press  method. 

2)  To  use  the  NIR  equipment  to  detect  the  amount  of  soil  in  the 
sugarcane  samples. 

NIR  ANALYSIS: 

The  constituents  measured  with  the  NIR  analyses  in  this  study  were, 
as  in  the  press-method:  brix,  pol,  sucrose,  fiber,  moisture 
percentage,  and  pol-percentage.  In  this  study,  four  experiments 
were  conducted  in  order  to  get  a  good  calibration  for  all  the 
constituents. 

The  ten  wavelengths  used  in  the  Dickey-John  fixed  filter  unit  were 
based  on  the  Ph.D.  study  done  by  Sverzut  (1986).   The  wavelengths 
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in  this  study  were  for  samples  of  shredded  (not  pressed)  sugarcane. 
Initially,  the  Dickey-John  gave  readings  which  were  out  of  the 
acceptable  range  for  unpressed  sugarcane  due  to  the  high  moisture 
content  of  the  sugarcane.  In  order  to  find  out  if  the  same 
wavelengths  could  also  be  used  for  pressed  shredded  sugarcane,  this 
experiment  was  conducted. 

A  GARDENER/NEOTEC  Research  Composition  Analyzer,  model  6250  with  a 
wavelength  range  of  1100  to  2500  nm  was  used  to  analyze  the 
shredded  and  pressed  sugarcane  samples.  This  instrument,  in 
contrast  with  the  Dickey-John,  is  able  to  scan  at  a  2  nm  interval 
between  1100  and  2500  nm.  NIR  analyses  were  conducted  according  to 
the  procedure  recommended  by  the  instrument  manufacturer.  A  blank 
scan  of  the  ceramic  plate  (standard  for  the  instrument)  was  taken 
between  each  sample  scan  to  guard  the  instrument  against  system 
drift.  Analyses  were  based  on  optical  density  (log(l/R) ,  and  the 
first  and  second  derivative  of  the  log(l/R)  curve.  Using  multiple 
regression  analysis,  a  set  of  wavelengths  was  selected. 
(Sometimes,  no  more  than  two  wavelengths  could  be  used,  due  to  a 
bug  in  the  regression  program.) 

Samples  were  taken  from  25  different  varieties.  Three  stalks  of 
each  variety  were  hand  cut  and  split  into  a  lower  and  an  upper  half 
for  a  total  of  50  samples.  The  sugarcane  was  cut  on  October  9th. 
The  stalks  were  shredded  with  a  Jeffco  Food  and  Fodder  Cutter- 
grinder  Knife  mill.  The  50  shredded  samples  were  pressed  and  a 
portion  of  the  pressed  sugarcane  was  taken  to  use  for  five 
replicates  for  NIR  measurements.  The  traditional  press  method  was 
conducted  on  the  same  day  at  the  St.  Gabriel  Experiment  Station 
with  the  remaining  cake  and  juice. 

The  50  samples  of  pressed  sugarcane  were  kept  overnight  in  a 
refrigerator  and  were  run  on  the  NIR  scanning  machine  of  USDA 
Southern  Regional  Research  Center  in  New  Orleans  the  next  day.  The 
NIR  analysis  required  about  one  minute  for  each  replicate  for  a 
complete  spectrum  and  an  additional  three  minutes  for  refilling  and 
cleaning  of  the  sample  holder. 

A  calibration  for  the  several  constituents  following  the 
experiments  above  did  not  give  a  good  calibration.  It  was  clear 
that  while  pressing  the  shredded  sugarcane,  too  much  sucrose,  pol, 
and  brix  were  pressed  out  to  be  able  to  make  an  accurate 
calibration.  The  unit  was  returned  to  the  manufacturer  for 
adjustment.  After  the  Dickey -John  had  been  adjusted,  it  was  able 
to  give  readings  in  an  acceptable  range  with  the  unpressed  shredded 
sugarcane  containing  up  to  70%  moisture  (w.b.).  A  calibration  was 
made  for  brix,  pol,  sucrose,  fiber,  pol-percentage,  and  moisture 
percentage.  A  set  of  50  samples  was  used  in  this  study  to  select 
a  set  of  wavelengths  for  making  a  calibration  for  the  different 
constituents.  The  calibration  was  based  on  the  average  of  two 
replicates  of  each  sample. 

The  50  samples  were  obtained  by  cutting  three  stalks  of  25 
different  varieties,  divided  into  a  bottom  and  an  upper  half  for  a 
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total  of  50  samples.  Those  samples  were  cut  and  shredded  on 
November  20,  1989.  The  standard  press  method  was  performed  on  the 
same  day,  while  part  of  the  shredded  samples  were  kept  in  the 
refrigerator  and  run  through  the  Dickey-John  the  following  day. 

Statistical  analyses  were  performed  to  find  the  correlation  between 
NIR  and  the  standard  analysis.  The  NIR  spectral  frequencies  of 
maximum  correlation  to  the  sugarcane  constituents  were  selected 
from  the  NIR  data  and  the  laboratory  data.  The  calibration 
equations  of  NIR  data  were  obtained  from  these  data.  Correlations 
of  the  NIR  method  and  the  standard  analysis  were  calculated. 

After  making  these  calibrations  for  brix,  pol,  sucrose,  fiber,  pol- 
percentage,  and  moisture  percentage,  the  calibrations  were  tested 
by  taking  a  validation  set  of  24  samples.  The  statistical  analysis 
for  this  validation  included  the  standard  error  of  the  prediction 
and  the  correlation  coefficient  (r2)  between  the  NIR  data  and  the 
standard  press  method  data. 

Twenty  of  the  24  samples  were  collected  on  December  4,  1989.  The 
press  and  NIR  analyses  were  also  conducted  on  the  same  day.  The 
same  procedure  for  analyzing  the  samples  was  followed  as  in  making 
the  calibration.  The  four  other  samples  were  previously  taken  and 
analyzed  on  November  30,  1989. 

A  calibration  was  also  made  to  estimate  the  soil  content  in  the 
sugarcane.  Two  different  types  of  soils,  one  sandy  and  one  muddy 
soil,  were  used.  The  two  different  soils  were  added  to  a  shredded 
sample  in  amounts  of  0,  10,  20,  30,  40,  and  50  percent. 

Again,  two  replicates  were  taken  from  each  sample.  These  samples 
were  taken  on  November  30th.  The  press  analyses  were  performed  on 
the  same  day  while  the  samples  for  the  NIR  were  kept  in  a 
refrigerator  and  run  the  next  day.  The  procedure  followed  for 
analyzing  these  samples  was  the  same  as  in  the  calibration. 

RESULTS : 

The  best  calibration  equations  using  the  Dickey-John  600  were 
derived  by  using  shredded,  and  unpressed  sugarcane.  The 
percentages  of  sucrose,  brix,  and  pol  in  these  samples  were  much 
higher  than  in  the  pressed  samples.  The  wavelengths  selected, 
regression  constants,  multiple  correlation  coefficients  and 
standard  error  are  shown  in  Table  1. 

The  multiple  correlation  coefficients  ranged  from  0.8472  for  fiber 
to  0.9650  for  moisture,  and  the  standard  error  ranged  from  0.636 
for  moisture  to  4.166  for  pol. 

Besides  the  particle  size,  the  high  moisture  percentage  was  another 
limiting  factor,  with  percentages  of  67.6  to  80.7  in  the  50 
calibration  samples.  This  high  moisture  content  tended  to  mask  the 
signal  or  reflectance  of  other  constituents  such  as  sucrose  (6.03 
to  19.38  %  of  the  juice),  brix  (10.7  to  20.9  %  of  the  juice)  and 
pol  (5.5  to  17.2  %  of  the  juice). 
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Table  1.  Calibration  equations  in  unpressed  shredded  sugarcane 
using  the  regression  results  from  the  Dickey-John 
instalab  600. 


Regression 
Constants 

Wavelength 

Multiple 
Correlation 

Standard 
Error 

Brix 

K(a)=-37.155 
K(0)=  -0.409 
K(l)=   1.043 
K(2)=  -0.857 
K(3)=   0.287 

1650 
1734 
1840 
2270 

0.9459 

0.643 

Pol 

K(a)=-143.46 
K(0)=   -3.12 
K(l)=    6.83 
K(2)=   -4.63 
K(3)=    1.21 

1650 
1734 
1840 
2270 

0.9241 

4.166 

Sucrose 

K(a)=-32.514 
K(0)=  -0.755 
K(l)=   1.616 
K(2)=  -1.076 
K(3)=   0.281 

1650 
1734 
1840 
2270 

0.9210 

0.994 

Fiber 

K(a)=  6.0652 
K(0)=-0.5385 
K(l)=  0.6866 
K(2)=-0.3743 
K(3)=  0.1487 

1680 
1818 
1875 
2270 

0.8472 

0.704 

Pol- 

K(a)=-29.893 

0.9063 

0.915 

Percentage 

K(0)=  -0.518 
K(l)=   1.261 
K(2)=  -0.924 
K(3)=   0.249 

1650 
1734 
1840 
2270 

Moisture 

K(a)=  130.86 

0.9650 

0.636 

Percentage 

K(0)=    0.92 
K(l)=   -0.91 
K(2)=    0.45 
K(3)=   -0.4 

1680 
1734 
1875 
2270 

To  analyze  the  difference  between  the  NIR  method  and  the 
traditional  press  method,  24  more  samples  were  taken.  For  good 
correlation,  all  the  points  on  the  correlation  plot  should  be 
located  close  to  a  45°  line  (equal  value) .  In  this  case,  the  data 
points  are  scattered,  which  means  that  correlation  between  the  two 
methods  is  not  very  strong. 

The  correlation  coefficients  and  standard  error  of  prediction  were 
determined  for  the  validation  set  of  24  samples.  This  set  of 
samples  contained  10  samples  of  the  same  variety  used  in  the 
calibration,  for  which  the  correlation  coefficients  and  the 
standard  error  of  prediction  were  determined.  The  results  of  these 
calculations  are  shown  in  Table  2. 
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The  conclusion  can  be  made  that  the  correlation  with  the  samples 
from  the  same  variety  is  much  higher.  This  could  mean  that  the 
calibration  equations  given  above  are  variety  sensitive.  To  prove 
this  thesis,  more  samples  should  be  taken  from  the  same  variety  and 
different  varieties. 

Table  2.   Validation  of  the  calibration. 


Validation  10  samples  same  variety  as 
calibration 

Constituent 

R2 

SEP 

Brix 

0.720 

0.933 

Pol 

0.779 

0.882 

Sucrose 

0.785 

1.030 

Fiber 

0.451 

0.986 

Pol-% 

0.785 

0.925 

Moisture-% 

0.783 

1.026 

A  calibration  of  the  percentage  soil  in  shredded  sugarcane  was 
initiated  with  10  samples  with  a  high  degree  of  correlation 
(0.9986)  for  determining  this  one  constituent.  The  results  so  far 
are  very  promising  with  this  limited  data  set  and  therefore  a  basis 
for  further  and  more  extensive  research. 

CONCLUSIONS  AND  RECOMMENDATIONS: 

NIR  spectroscopy  was  used  to  develop  an  environmentally  safe,  fast, 
and  accurate  method  to  determine  brix,  pol,  sucrose,  fiber,  pol- 
percentage,  and  the  moisture  content  in  shredded  sugarcane  samples. 
Although  a  calibration  was  possible  based  on  50  shredded  (not 
pressed)  sugarcane  samples,  a  validation  set  of  24  samples  showed 
very  low  correlation  between  the  press  method  and  the  NIR  method. 
The  correlation  coefficients  ranged  from  0.201  for  fiber  to  0.399 
for  brix.  This  most  likely  was  due  to  the  fact  that  the  validation 
samples  contained  different  varieties  than  the  calibration  samples. 
The  validation  using  10  samples  of  the  same  variety  as  the 
calibration  yielded  much  better  results.  More  research  on  this 
part  is  necessary. 
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A  SIMPLE  AND  SAFE  REPLACEMENT  FOR  DRY  LEAD  SUBACETATE 

Stephen  J.Clarke  and  Joy  Bourgeois 
Audubon  Sugar  Institute  /  Sugar  Station 
Louisiana  Agricultural  Experiment  Station 
Baton  Rouge,  LA  70803-7305 


Lead  subacetate  has  long  been  the  reagent  of  choice  for 
juice  clarification  for  polarization  measurements,  in  part 
due  to  its  simplicity.   However,  health  and  environmental 
circcumstances  demand  that  its  use  must  soon  cease.   There 
have  been  a  number  of  attempts  to  find  a  suitable 
replacement  and  these  have  been  recently  reviewed  by  Clarke 
and  Legendre,  along  with  a  discussion  of  the  financial 
impact  of  continued  use  of  lead  subacetate  (1).   Under 
Louisiana  conditions  the  disposal  costs  for  the  lead 
residues  could  be  several  hundred  thousand  dollars  per 
factory  per  year.   They  also  describe  a  multistep  reagent 
system  based  on  the  sequential  addition  of  calcium 
hydroxide,  aluminium  chloride  and  filter  aid. 

The  ideal  reagent  to  replace  dry  lead  subacetate  for 
juice  analysis  should  have  several  features,  (i)  it  should 
be  a  stable  and  non-hygroscopic  dry  powder  which  can  be 
added  without  weighing,  with  the  result  independent  of  the 
quantity  used;  (ii)  it  should  react  complelety  and  very 
quickly  just  by  shaking  or  stirring  and  without  use  of  any 
additional  equipment;  (iii)  filtration  should  be  rapid  to 
give  an  optically  clear  solution  with  low  colour;  (iv)  it 
must  present  no  waste  disposal  problems.   A  reagent  meeting 
these  requirements  has  been  developed  by  mixing  three  dry 
powdered  materials.   The  mixture  is  dry  and  stable  but  loses 
some  activity  over  several  days  being  kept  in  an  open 
container  in  the  laboratory. 

The  components  are  - 

A.  Aluminium  chloride  hydroxide  (C.A.  Registry  s  12042-91-0 
with  empirical  formula  Al2Cl(OH)5)  -  this  material  has 
been  used  to  coagulate  waste  water,  stabilize  clay  soils, 
as  a  corrosion  inhibitor  and  in  antiperspirants . 

B.  Powdered  calcium  hydroxide. 

C.  RM10-NKT,  a  product  of  the  American  Colloid  Company, 
composed  of  minerals,  principally  bentonite,  and 
polymeric  flocculants.   Its  major  use  is  in  industrial 
waste  water  treatment  and  it  is  environmentally  benign. 

The  components  A,  B  and  C  are  mixed  in  the  ratio 
10:1:2.   Each  is  a  fine  powder  and  good  mixing  is  critical. 
Component  C  has  a  grey  colour  and  the  mixed  reagent  should 
be  an  even  grey.   The  mixture  should  be  kept  loose  and  not 
packed  hard.   The  mixing  takes  only  a  few  minutes  and  is 
best  done  on  a  daily  basis,  preparing  only  sufficient 
reagent  for  the  day.   If  reagent  is  left  over,  it  can  be 
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combined  with  the  following  day's  fresh  material.   For  press 
juice  analyses,  between  5  and  6  g  of  reagent  are  required 
for  200  ml  of  juice.   It  is  not  necessary  to  weigh  the 
reagent  once  the  analyst  is  able  to  judge  by  eye  the  amount 
to  be  used.   Less  reagent  is  used  for  low  concentration 
samples  such  as  for  filter  cake  and  bagasse  analyses  and  for 
mill  residual  juice.  The  reagent  is  added  to  the  juice  in  a 
bottle  or  on  a  stirrer  and  filtered  after  only  a  few  seconds 
shaking  or  stirring.   No  filter-aid  was  used  and  the  filter 
paper,  polariscopes  (all  automatic)  used  were  those  routine 
in  the  factory  laboratories.  The  filtration  rate  was 
usually  higher  than  with  the  lead  and  the  colour  often  a 
little  yellower.   Clarity  was  very  good  and  no  problems  were 
encountered  in  clarifying  stale  cane. 
The  estimated  cost  per  analysis  is  about  $0.10. 

The  cane  quality  laboratory  (core  sampler  plus  press) 
in  Louisiana  is  the  major  user  of  lead  subacetate,  with 
several  hundred  analyses  per  day  being  performed  at  each 
factory.   The  new  reagent  was  compared  with  lead  subacetate 
by  the  laboratory  personnel  at  several  factories  and  the 
results  from  Jeanerette  are  shown  in  Figure  1.   The 
correlation  is  excellent  and  the  substitute  reagent  gave,  on 
average,  0.14  units  lower  than  with  lead.   Other 
laboratories  gave  similar  results,  some  with  more  scatter 
due  to  variation  in  quantities  of  lead  used,  poor  mixing  of 
the  divided  samples  and  the  use  of  flow  through  cells  with 
limited  sample  volumes. 


FIGURE  :  -  PRESS  JUICE  POLARIMETER  READINGS 
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The  substitute  reagent  was  also  compared  with  dry  lead 
for  all  the  process  analyses  for  which  it  is  normally  used 
and  the  results,  from  several  factories,  are  shown  in  Figure 
2.   Again  the  correlation  is  excellent  with  the  substitute 
giving  slightly  lower  values  as  before. 


FIGURE  2  -  PROCESS  POLARIMETER  READINGS 
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Five  composite  press  juice  samples  were  clarified  with 
increasing  amounts  of  lead  subacetate  and  substitute  to 
determine  whether  reagent  quantity  had  any  effect.   The 
results  for  two  samples,  of  high  and  low  polarization,  are 
shown  in  Figure  3.   At  4  g  reagent  per  test  the  substitute 
gave  slightly  cloudy  filtrates  with  lower  polarization. 
6  g  of  substitute  gave  good  results  at  about  the  same  value 
as  the  lowest  lead  concentration.   The  higher  lead  values 
observed  would  therefore  appear  to  be  due,  at  least  in  part, 
to  use  of  excessive  amouts  of  lead  subacetate. 

Work  is  continuing  on  this  reagent  system  with  regards 
to  dextran  removal  and  boiling  house  analyses.   Preliminary 
tests  show  that  it  can  be  used  for  polarization  of  raw 
sugar.   A  full  paper,  including  all  the  statistical  data, 
will  be  published  as  soon  as  possible. 
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FIGURE  3  -  POLARIMETER  READING  VS.  REAGENT  QUANTITY 
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BOILING  HOUSE  SAMPLES 
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FINAL  MOLASSES  ANALYSIS 


15  g  ABC  added  to  100  ml  of  diluted  molasses  (130  g  of 
1:1  diluted  molasses  diluted  to  1.00  litre.) 


# 

Brix 

Pol 
(Pb) 

Pty 
(Pb) 

Pol 
(ABC) 

Pty 
(ABC) 

Pty 

diff 

1 

81.6 

33.2 

40.7 

30.4 

37.3 

3.4 

2 

75.8 

27.9 

36.8 

26.0 

34.3 

2.5 

3 

84.4 

34.8 

41.3 

33.8 

40.0 

1.3 

4 

84.2 

34.2 

40.6 

33.4 

39.6 

1.0 

5 

80.6 

31.3 

38.8 

30.4 

37.7 

1.1 

6 

84.0 

35.8 

42.6 

33.9 

40.4 

2.2 

7 

82.6 

32.3 

39.1 

31.0 

37.5 

1.6 

8 

81.6 

32.5 

39.9 

31.0 

38.0 

1.9 

9 

79.6 

33.8 

42.5 

32.4 

40.7 

1.8 

10 

81.8 

28.2 

34.4 

26.5 

32.4 

2.0 

11 

81.8 

32.8 

40.0 

29.7 

36.2 

3.8 

12 

84.2 

29.4 

34.9 

27.3 

32.4 

2.5 

13 

84.0 

32.6 

38.8 

30.8 

36.7 

2.1 

14 

85.0 

33.8 

39.8 

32.2 

37.8 

2.0 

15 

84.4 

32.6 

38.7 

30.5 

36.1 

2.6 

16 

82.6 

30.5 

36.9 

28.5 

34.5 

2.4 

17 

82.4 

32.0 

38.9 

31.2 

37.9 

1.0 

18 

84.2 

28.1 

33.4 

25.8 

30.6 

2.8 

19 

81.8 

29.0 

35.5 

26.2 

32.0 

3.5 

20 

84.6 

32.2 

38.1 

29.6 

35.0 

3.1 
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RAW  SUGAR  POLARIZATION 


Eleven  raw  sugar  samples  from  Amstar  compared  for 
polarization  using  standard  lead  procedures  and  a 
modification  of  the  new  reagent.   Increased  quantity  of  the 
RM10-NKT  was  required  for  best  results.   (0.10  deducted  for 
lead  correction  for  samples  run  with  lead  subacetate.) 


Polarization  with  Pb  Polarization 

with  ABC 
snt     ASI 

98.52  97.89 

98.52  98.46 
98.66  98.66 
98.54  98.47 
97.59  97.52 
98.37  98.27 
97.76  97.70 
98.50  98.34 

97.53  97.37 
98.84  98.89 
98.40  98.33 


Sample 
number 

Polar 
Settl 

1 

98.37 

2 

98.63 

3 

98.59 

4 

98.49 

5 

97.53 

6 

98.36 

7 

97.62 

8 

98.61 

9 

97.59 

10 

98.94 

11 

98.64 
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OPTIMIZATION  OF  EVAPORATOR  CLEANING  PROCEDURES 

Stephen  J.  Clarke 

Audubon  Sugar  Institute 

Louisiana  Agricultural  Experiment  station 


The  original  funding  request  was  to  study  the  mechanism 
of  evaporator  scaling  using  a  pilot  scale  system.   The 
original  proposal  was  modified  to  emphasize  the  improvement 
of  cleaning  procedues  for  the  evaporators.   The  pilot  scale 
equipment  was  also  operated  to  learn  more  about  the  scaling 
process. 

In  order  to  compare  cleaning  procedures  it  is  necessary 
to  obtain  properly  scaled  tubes  for  chemical  analysis  and 
cleaning.   This  has  been  achieved  by  installing  "mini- 
calandrias"  in  the  down  takes  of  the  evaporators.   Four  full 
size  tubes  were  used  in  each  unit.   The  steam  chambers  of 
the  calandrias  were  connected  either  directly  to  the 
evaporator  calandia  or  to  the  exhaust  or  vapor  line  to  the 
vessel.   In  this  way  the  conditions  were  the  same  as  in  the 
main  body. 

The  units  were  installed  in  the  first  and  third  bodies 
of  the  triple  effect  evaporators  at  Cora  Texas  and 
Enterprise  factories.   They  were  replaced  with  a  second  set 
about  halfway  through  the  crop  so  that  the  tubes  had  been 
through  several  cleaning  cycles  before  being  removed.   The 
tubes  have  been  weighed  to  determine  the  quantity  of  scale 
formed  in  each  case  and  the  data  is  as  follows  - 


Cora  Texas 

g.  scale 

per  tube 

g  scale 
per  sq  m. 

First 

effect 

Run  1 
Run  2 

18,  9,  14, 
15,  9,  14, 

12 
14 

66 
64 

Third 

effect 

Run  1 
Run  2 

90,  91,  87, 
63,  60,  61, 

96 
65 

497 
340 

Enterprise 

First 

effect 

crop  * 

4,  4,  4,  5 

20 

Third 

effect 

Run  1 
Run  2 

68,  75,  60, 
48,  62,  51, 

61 
58 

367 
304 

*  This  unit  couli  not  be  removed  until  the  end  of  crop. 
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The  interesting  aspect  of  this  data  is  the  much  higher 
quantity  of  scale  formed  in  the  third  effect.  This  suggests 
that  quite  different  cleaning  procedures  may  be  appropriate 
for  the  later  vessels.   However,  it  was  observed  that  much 
of  the  scale  flaked  off  the  first  effect  on  handling  and 
that  there  wass  much  similar  material  in  the  saucer  of  the 
evaporator.  The  next  stage  is  to  cut  up  the  tubes  for 
analysis  of  the  scale  and  cleaning.   From  this  it  should  be 
possible  to  determine 

(i)  the  distribution  of  the  scale  in  the  tube; 

(ii)  the  composition  of  the  scale; 

(iii)  response  to  various  cleaning  procedures. 

The  pilot  scale  equipment  is  now  compeletly  automated 
for  data  collection  and  operation,  including  flow  control, 
determination  of  evaporation  rate  and  condensate  production. 
It  operates  at  atmospheric  pressure  to  mimic  the  performance 
of  the  first  effect.   Runs  of  varying  duration  at  constant 
juice  flow  rates  were  performed  and  the  quantity  of  scale 
measured  - 

Run  number     Run  hours      g  scale  per  sq.  m. 

1  160  71 

2  284  192 

3  75  8 

4  192  71 

These  results  seem  to  confirm  the  observation  of  last 
year  that  the  rate  of  scale  formation  is  not  linear  with 
time.   They  are  in  fair  agreement  with  the  full  scale  data. 

The  analytical  annd  cleaning  data  will  be  reported  as 
soon  as  completed. 


, 
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PRELIMINARY  REPORT  ON  CANE  YARD 
AND  RELATED  LOSSES 

Stephen  J.  Clarke 

Audubon  Sugar  Institute 

Louisiana  Agricultural  Experiment  Station 


The  cane  harvesting  and  handling  systems  in  Louisiana 
are  completely  mechanized  and  result  in  the  delivery  of 
considerable  amounts  of  dirt  and  trash  with  the  cane.   The 
handling  of  the  cane  at  the  mill  requires  storage  of  much 
cane  in  the  yard  and  this  involves  multiple  handling  of  the 
cane,   cane  washing  is  required  for  acceptable  factory 
operation  with  the  boilers,  clarifiers,  etc..   Both  the 
multiple  handling  of  cane  and  the  washing  systems  are 
sources  of  sugar  loss,  but  these  are  unavoidable  with  the 
present  system. 

However,  the  magnitude  of  these  losses  are  unknown  and 
this  initial  study  was  designed  to  develop  procedures  for 
measurement  of  these  losses  and  to  obtain  some  preliminary 
data.   The  results  of  the  initial  test  work  will  be  used  to 
plan  more  detailed  studies  in  forthcoming  crops. 

Two  experimental  approaches  were  used  to  study  the 
losses  of  sugar  in  the  cane  washing  system  and  the  change  in 
cane  quality  due  to  storage. 

The  prepared  cane  from  the  knives  and/or  shredder  were 
sampled  as  frequently  as  possible  and  analyzed  with  the 
press  system  as  used  for  the  delivered  cane.   Exactly  the 
same  procedure  was  used  for  both  analyses  so  that  the  cane 
composition  could  be  compared.   Most  analyses  during  the  day 
were  performed  by  the  regular  laboratory  staff  and  those 
during  the  night  by  ASI  staff.   All  calculations  were 
performed  by  the  mill  staff  using  the  same  computer  program 
as  for  routine  cane  quality  assessment.   The  standard 
calculation  of  TRS  (theoretically  recoverable  sugar)  was 
used  to  compare  the  cane  quality. 

Three  24  hour  tests  were  performed  at  different  mills 
and  one  of  these  tests  repeated  for  72  hours.   Prepared  cane 
was  sampled  as  frequently  as  possible,  at  least  two  per  hour 
and  usually  in  duplicate.   Only  prepared  cane  without  cush- 
cush  could  be  used  for  the  test  and  this  limited  the  number 
of  mills  at  which  the  tests  could  be  performed.   Also,  the 
press  system  works  better  with  good  cane  preparation  and 
this  was  not  always  the  case. 

The  measurement  of  sucrose  levels  in  cane  wash  water 
and  other  streams  was  achieved  by  high  pressure  liquid 
chromatography.   Samples  were  preserved  by  freezing  in  dry 
ice  and  were  run  undiluted,  the  only  sample  preparation 
being  filtration  through  a  0.45  micron  filter,   spot 
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sampling  was  used  at  several 'mills,  with  extended  sampling 
at  a  few  mills,  usually  those  involved  in  the  prepared  cane 
quality  tests.   The  results  of  these  tests  led  to 
measurement  of  the  sucrose  levels  in  other  streams,  for 
example,  of  the  sucrose  levels  in  condenser  water  used  for 
make-up  on  the  wash  table. 


Results 


The  degree  of  cane  preparation  has  a  significant  impact 
upon  the  press  data  and  good  comparable  data  between  the 
press  analysis  of  delivered  and  prepared  cane  would  only  be 
possible  if  the  samples  had  similar  preparation.   To  assess 
the  impact  of  variations  in  cane  preparation  on  the 
calculated  TRS  values,  samples  of  prepared  cane  from  the 
mill  were  subdivided  and  one  sample  pressed  as  is  and  the 
other  put  through  the  prebreaker  before  being  pressed.   The 
results  for  data  from  three  mills  are  shown  in  Figure  1. 

FIGURE  1 . 
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Of  the  three  mills  involved,  the  highest  preparation 
index  for  cane  is  found  at  Raceland  factory  which  has  a 
Unigrator,  and  the  lowest  at  Alma  where  the  sample  was  taken 
after  the  knives  (Alma  also  has  a  shredder  but  sampling 
after  it  was  not  possible).   The  best  correlation  between 
TRS  with  prebreaker  and  without  prebreaker  was  at  Racelend 
with  the  highest  level  of  cane  preparation.   These  results 
illustrate  the  need  to  use  a  prebreaker  with  all  these 
tests.   This  would  also  make  possible  sampling  from  other 
mills  after  the  first  set  of  knives  and  before  the  return  of 
the  cush-cush. 

The  results  of  the  three  day  test  are  shown  in  Figure  2 
in  which  all  the  calculated  TRS  data  are  plotted  against  the 
time  into  the  test.   The  test  began  at  6  a.m.  when  cane 
delivery  and  unloading  at  the  table  began  for  the  day. 
Although  there  is  considerable  scatter  in  the  data,  there  is 
a  definite  daily  cycle.   The  TRS  values  for  the  prepared 
cane  are  highest  early  in  the  day  with  fresh  cane  going  to 
the  table  and  decreases  during  the  evening  and  night  as  cane 
is  taken  from  the  yard. 


•I  SURE  2 
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This   data  analysis   is  perhaps   rather  oversimplified 
since   it  does  not  take  into  account  some  of  the  variables, 
e.g.,    the  preferential  unloading  of   cane   from  wagons   onto 
the  mill   table   and  from  trucks   into   the  yard. 
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The  data  from  this  test  is  summarized  in  Table  1  and  is 
compared  with  the  factory  report  value  for  the  delivered 
cane.   The  prepared  cane  data  was  arbitrarily  divided  into 
two  sets,  one  for  the  first  eight  hours  when  most  of  the 
cane  came  from  the  trucks  and  the  last  sixteen  hours  with 
cane  from  the  yard. 

TABLE  1. 


SUMMARY  TRS  DATA  FOR  THREE  DAY  TEST 

PREPARED   DELIVERED 

FIRST  8  HR    LAST  16  HR 


AVG 

STD 

AVG 

STD 

DAY  1 

206 

7 

187 

17 

214 

DAY  2 

208 

14 

196 

10 

218 

DAY  3 

234 

18 

215 

19 

237 

The  TRS  values  for  both  sets  of  prepared  cane  for  each 
day  are  lower  than  for  the  corresponding  value  for  the 
delivered  cane.  Most  of  the  decrease  in  TRS  for  cane  milled 
directly  from  the  trucks  or  wagons  can  be  accounted  for  by 
taking  into  account  the  effects  cf  washing  and  dilution  and 
this  is  discussed  later.   Of  much  greater  concern  is  the 
average  decrease  in  TRS  of  16  lb  sugar  per  ton  of  cane  for 
cane  stored  in  the  yard  compared  with  that  milled  directly. 
The  washing  of  the  cane  is  assumed  to  be  the  same  for  both 
circumstances . 

This  data  may  also  be  compared  with  that  from  the 
routine  factory  report  and  typical  values  are  given  in  Table 
2,  which  includes  the  cane  composition  and  the  TRS  values 
(the  TRS  value  from  the  factory  report  is  calculated  from 
the  cane  composition) .   Due  to  washing  and  dilution  the 
prepared  cane  would  be  expected  to  be  lower  than  the 
delivered  cane,  but  the  significant  concern  is  the 
difference  between  the  measured  cane  composition  and  that 
reported  by  the  mill.   In  this  example  the  difference  is  3 
lb  sugar  per  ton  of  cane  or  4%  of  production,  a  value  much 
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TABLE  2. 


COMPARATIVE  DATA 


BRXX    POL     FIBRE    TRS 
*  CANE  %   CANE   %  CANE 


DELIVERED      15.1     12.8     17.1      210 
CANE 

PREPARED      13.6     11.7     15.0      198 
CANE 

FACTORY       13.6     11.3     13.2      190 
REPORT 


much  higher  than  the  reported  undetermined  loss  for  the 
factory.   Similar  results  were  obtained  in  all  the  tests. 

If  certain  assumptions  are  made  it  is  possible  to 
calculate  the  prepared  cane  composition  from  the  delivered 
cane  composition.  The  assumptions  are  (i)  loss  of  juice 
solids  due  to  washing  (the  simplification  is  that  the  purity 
of  lost  juice  solids  is  the  same  as  for  that  retained  in  the 
cane);  (ii)  loss  of  "fibre"  or  insoluble  solids  due  to  the 
washing  process  and  (iii)  addition  of  water  to  the  cane, 
i.e.,  dilution.  Using  reasonable  values  for  these  factors 
it  is  possible  to  modify  the  delivered  cane  composition  to 
close  to  the  prepared  cane  values  and  an  example  is  given  in 
Table  3.   None  of  the  assumptions  are  out  of  range  and  that 
fcr  loss  of  juice  solids  is  obtained  from  other  experimental 
data  given  later  in  this  report.  The  critical  factor  to 
bear  in  mind  is  the  increase  in  cane  weight.   The  TRS  is  an 
intensive  property  of  the  cane,  i.e.,  it  is  independent  of 
the  weight  of  cane.  The  increase  in  cane  weight  from  the 
assumptions  is  4.3%,  equivalent  to  a  TRS  value  of  204,  or  a 
loss  of  3%  (loss  of  juice  solids)  from  the  original  TRS  of 
210.   Under  normal  reporting  conditions  the  delivered  cane 
weight  is  used  as  the  processed  cane  weight,  leading  to 
incorrect  values  for  bagasse  production,  etc.. 

The  tentative  conclusion  from  this  data  is  that  the 
mills  are  underestimating  the  quantity  of  sugar  entering  the 
process.   Further,  if  the  bagasse  analytical  data  is  correct 
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TABLE  3 


EFFECT  ON  CANE  COMPOSITION 


DELIVERED  CANE  - 

15.1%  B;   12.8%  P;   17.1%  F;   TRS  210 

ASSUME  3%  LOSS  OF  JUICE  SOLIDS; 
7%  LOSS  OF  FIBRE  (DIRT); 
6%  WATER  ADDED  TO  CANE; 

COMPOSITION  BECOMES  - 

13.8%  B;   11.7%  P;   15.0%  F;   TRS  196 

PREPARED  CANE  - 

13.6%  B;   11.7%  P;   15.0%  F;   TRS  198 

HOWEVER    4.3%  INCREASE  IN  CANE  WEIGHT; 
EQUIVALENT  TRS  204. 


(and  there  is  no  reason  to  dispute  it),  the  mill  extraction 
is  at  least  as  high  as  reported.   Therefore,  the  losses 
suggested  by  this  approach  are  in  the  boiling  house. 

The  sugar  concentration  in  cane  wash  water  and  other 
streams  are  easily  measured  by  high  pressure  liquid 
chromatography.  However,  the  data  are  difficult  to 
interpret  due  to  lack  of  good  flow  data  and  recycling  within 
the  system.   Other  losses,  for  example  from  condensers,  may 
be  higher  than  due  to  cane  washing.   In  many  cases  the  water 
from  the  condensers  is  used  to  make  up  the  cane  wash  water 
or  water  is  recycled  in  the  wash  system. 

Typical  data  suggest  that  the  increase  in  sucrose 
concentration  is  of  the  order  cf  150  ppm.   Assuming  4  tons 
of  cane  per  minute  (6,000  tons  /  day)  and  10,000  gpm  cane 
wash  water,  this  gives  12.6  lb  sugar  /  min  or  3.1  lb  per 
ton.   The  results  of  an  extended  test  of  sucrose  in  and  out 
of  the  wash  table  are  illustrated  in  Figure  3.  The  sucrose 
concentrations  were  measured  in  and  out  of  the  system  over 
an  13  hour  period.  The  recirculation  pumps  were  not  working 
frcm  hours  11  through  14  and  input  water  could  not  be 
collected,   in  general  the  input  and  output  sucrose 
concentrations  are  consistent,  with  the  peaks  occurring  at 
the  same  time.   The  average  difference  in  concentration 
between  input  and  output  was  140  ppm. 
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FIGURE  3. 
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At  the  same  and  three  other  mills  extensive  samples 
were  taken  of  the  different  water  streams  flowing  in  the 
mill.   Each  was  very  different,  due  largely  to  the  manner  in 
which  the  mill  had  grown  as  capacity  increased.   The 
conclusion  from  this  is  that  there  is  no  systematic  approach 
to  water  usage  in  the  mills  and  that  this  should  be  an  area 
fcr  future  investigation. 

A  specific  example  of  sucrose  losses  due  to  cane 
washing  is  given  in  Table  4.   This  data  is  higher  than  the 
average  but  is  based  on  fairly  reliable  flow  data. 
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TABLE  4. 


SPECIFIC  EXAMPLE 

TO  TABLE  -  5,000  GPM  FRESH  WATER  AND 
9,000  GPM  FROM  POND  WITH 
420  PPM  SUCROSE 

=  31.5  LB  SUCROSE  /  MIN 

FROM  TABLE  -  14,000  GPM  WITH 
460  PPM  SUCROSE 

=  53.7  LB  SUCROSE  /  MIN 

DIFFERENCE  OF  22.2  LB  SUCROSE  /  MIN. 

AT  3.5  TONS  CANE  /  MIN;  (5,000  TPD); 

APPROXIMATELY  6  LB  SUGAR  /  TON  CANE 


Summary 


The  sucrose  losses  appear  to  be  considerable  higher 
than  previously  reported,  both  for  cane  yard  storage  and 
cane  washing.   Even  taking  this  into  account,  the  quantity 
of  sucrose  entering  the  process  appears  to  be  higher  than 
routinely  reported  by  the  mills. 

Much  further  work  is  required,  especially  for 
evaluation  of  the  loss  streams  in  the  factory,  including 
those  in  the  many  water  streams. 
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COMPOSITION  OF  1989  LOUISIANA  FINAL  MOLASSES 

Michael  Saska  and  B.  Ghosh 
Audubon  Sugar  Institute 


The  annual  survey  of  molasses  composition  was  carried  out  as  in 
previous  years   (1,2).  Again,  two  composite  samples  of  final 
molasses  were  collected  by  the  participating  sugar  mills;  the  first 
one  (marked  X-l  in  the  following,  where  for  reasons  of  commercial 
secrecy  the  factory  code  X  is  used  instead  of  the  factory  name) 
representing  an  average  composition  in  the  first  half  of  the 
grinding  season  (October  and  a  part  of  November)  and  the  second  one 
(X-2) ,  representing  the  latter  half  of  the  season  (November  - 
December) .  The  division  proved  useful  in  previous  surveys  as  there 
has  been,  for  reasons  of  maturity  of  the  cane,  a  substantial 
difference  between  molasses  compositions  from  the  first  and  second 
halves  of  the  grinding  season  respectively.   The  samples  were 
analyzed  for  Brix,  sucrose,  glucose,  fructose,  ash,  phosphorus  (P) , 
potassium  (K)  ,  calcium  (Ca) ,  magnesium  (Mg) ,  sodium  (Na) ,  iron  (Fe) 
and  copper  (Cu) . 

ANALYTICAL  METHODS 

Brix  was  determined  by  refractometry  of  an  approximately  1:1 
diluted  sample  at  2  0  C.  As  in  previous  years  the  correction  to  the 
Brix  reading 

DS  =  100/(101. 3/Bx  +  0.00932/Suc) 

was  applied  to  closer  approximate  the  dry  solids  (DS)  content.  In 
the  previous  equation  Sue  is  the  sucrose  concentration  in  grams  per 
100  grams  of  the  original  sample. 

Sucrose,  Glucose  and  Fructose  were  determined  concurrently  by  HPLC 
on  a  Bio-Rad  HPX87N  column  (polystyrene-based  strong  cation 
exchanger  in  Na+  form)  held  at  85  C.  Other  parameters:  flow  rate 
0.5  ml/min;  injection  volume  20  microliters;  sample  concentration: 
2  g  original  sample  diluted  to  1000  ml  and  filtered  through  a  0.45 
micron  membrane;  liquid  phase:  0.015  M  Na2S04;  detection:  a  Waters' 
410  differential  RI  detector;  injection  with  a  Waters'  712  auto- 
injector;  integration  with  a  Spectra-Physics  4270 
integrator/ recorder . 

Conductivity  was  measured  (Radiometer  Copenhagen)  at  20  C  in  a 
solution  of  2.00  g  of  the  original  smaple  diluted  to  200  ml  with 
a  low  conductivity  distilled/de-ionized  water.  The  ash  content  in 
grams  per  100  g  of  the  original  sample  was  calculated  as  (3) 

0.0084  K  C  +  0.8 

where  K  is  the  cell  constant  (0.99  cm"1)  of  the  instrument  and  C, 
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the  measured  conductivity  in  microsiemens. 

Potassium  content  of  the  molasses  was  determined  by  flame 

photometry  of  a  solution  prepared  by  digestion  of  a  2%  solution 

with  a  nitric-perchloric  acid  reagent  (4). 

Sodium,  Calcium,  Magnesium,  Iron,  Phosphorus  and  Copper  were 

determined  by  atomic  absorption  spectroscopy  of  a  solution  prepared 

as  for  determination  of  potassium. 

Target  (true)  purity  was  calculated  with  a  formula 

42.4  -  12.3  Log10(RS/ASH) 

established  previously  for  Louisiana  conditions. 

RESULTS  and  DISCUSSION 

The  average  true  purity  of  final  molasses  was  4  3.7  %,  substantially 
lower  than  in  1988  (45.1)  and  1987  (45.4).  This  despite  the  lower 
RS/Ash  ratio  (1.02  against  1.33  in  1988  and  0.92  in  1987) 
indicating  significantly  better  exhaustion  performance  in  1989  than 
in  1988  and  1987.  The  average  difference  (DIF)  between  the  actual 
true  purity  and  that  predicted  by  the  target  formula  was  1.3  in 
1989,  4.2  in  1988  and  2 . 5  in  1987.  The  increased  number  of  samples 
with  purity  below  the  target  line  (8  in  1988,  4  in  1988  and  5  in 
1987)  indicates  that  the,  statistically  derived,  target  formula 
may  be  too  lenient  and  may  have  to  be  reconsidered  as  the  quality 
of  exhaustion  work  in  Louisiana  farther  improves. 

The  elemental  analysis  gave  these  average  values  (%  or  ppm  Bx) : 
potassium  3.9  3  %,  phosphorus  920  ppm;  calcium  0.84  %,  magnesium 
0.48  %;  sodium  990  ppm;  iron  160  ppm;  copper  13  ppm.  Note  that  the 
values  in  table  III  are  given  as  %  or  ppm  of  the  original  sample. 
Of  interest  is  the  substantially  lower  content  of  potassium 
compared  to  1987  and  1988  (5.2  and  5.5  %  Bx  or  33  and  41  %  higher 
respectively) .  A  fairly  good  correlation  exists  (Figure  4)  when  the 
difference  of  the  actual  and  target  true  purities  is  plotted 
against  the  potassium  content  indicating  perhaps,  in  agreement  with 
previous  literature  reports,  that  potassium  is  the  most 
melassigenic  among  the  molasses  components. 
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TABLE  I:  Composition  of  1989  Louisiana  final  molasses.  SUC  = 

sucrose,  GLU  =  glucose,  FRU  =  fructose,  RS  =  reducing 
sugars  (  glucose  +  fructose  ) ,  TSUG  =  total  sugars,   ASH 
=  conductivity  ash,   RS/ASH  =  reducing  sugars/ash  ratio, 
BX  =  refr.  Brix. 


MILL- 
PERIOD 


SUC 

[ 


GLU 


FRU 


RS 
X  BX 


TSUG 


ASH 
] 


RS/ASH 


BX 


A-1 
A-2 

43.7 
44.7 

6.0 
5.1 

7.7 
7.3 

13.7 
12.4 

57.4 
57.1 

13.9 
13.6 

0.99 
0.91 

82.7 
83.5 

B-1 
B-2 

42.3 
42.9 

6.4 
5.1 

8.2 
6.9 

14.6 
12.0 

56.9 
54.9 

14.4 
13.6 

1.01 
0.88 

80.6 
80.1 

C-1 
C-2 

40.2 
40.5 

5.7 
7.1 

8.8 
9.9 

14.5 
17.0 

54.7 
57.5 

12.8 
12.1 

1.13 
1.40 

82.1 
81.5 

D-1 
D-2 

44.6 
44.1 

6.2 
6.5 

7.6 
8.4 

13.8 
14.9 

58.4 
59.0 

14.9 
14.5 

0.93 
1.03 

82.6 
81.2 

E-1 

43.0 

5.6 

7.9 

13.5 

56.5 

8.9 

1.52 

81.9 

F-1 
F-2 

38.9 
39.9 

6.3 

4.8 

9.0 
7.4 

15.3 
12.2 

54.2 
52.1 

11.3 
16.0 

1.35 
0.76 

83.5 
82.9 

H-1 
H-2 

42.2 
42.1 

5.5 
4.9 

7.4 
6.8 

12.9 
11.7 

55.1 
53.8 

11.9 
14.4 

1.08 
0.81 

84.5 
84.6 

1-1 

40.7 

7.1 

9.5 

16.6 

57.3 

13.6 

1.22 

82.8 

J-1 
J-2 

42.5 
40.9 

7.4 
7.9 

9.8 
10.5 

17.2 
18.4 

59.7 
59.3 

12.9 
14.4 

1.33 
1.28 

82.5 
83.3 

K-1 
K-2 

44.8 
47.8 

7.3 

5.1 

8.7 
7.4 

16.0 
12.5 

60.8 
60.3 

13.2 
10.6 

1.21 
1.18 

76.9 
79.1 

L-1 
L-2 

43.2 
43.1 

5.5 
4.6 

6.5 
5.6 

12.0 
10.2 

55.2 
53.3 

12.4 
14.2 

0.97 
0.72 

80.1 
80.3 

N-1 
H-2 

44.9 
43.8 

5.2 
5.3 

7.5 
7.9 

12.7 
13.2 

57.6 
57.0 

11.3 

1.12 

85.2 
82.8 

0-1 
0-2 

44.9 
44.8 

4.8 
4.5 

7.0 
6.6 

11.8 
11.1 

56.7 
55.9 

10.6 
11.2 

1.11 
0.99 

85.4 
83.4 

P-1 
P-2 

39.9 
45.3 

6.5 
4.7 

9.2 
7.4 

15.7 
12.1 

55.6 
57.4 

14.6 
12.5 

1.08 
0.97 

80.4 
78.6 

0-1 
0-2 

42.9 

44.2 

4.4 
3.8 

7.3 
6.5 

11.7 
10.3 

54.6 
54.5 

12.9 
14.0 

0.91 
0.74 

81.4 
80.5 

S-1 
S-2 

42.3 
44.3 

7.1 
5.3 

8.9 

7.0 

16.0 
12.3 

58.3 
56.6 

15.1 
13.4 

1.06 
0.92 

84.2 
84.3 

T-1 
T-2 

41.4 
43.0 

5.2 
5.6 

7.5 
7.8 

12.7 
13.4 

54.1 
56.4 

12.4 
14.4 

1.02 
0.93 

81.4 
82.1 

y-1 

W-2 

46.2 
47.2 

3.6 
3.2 

5.8 
5.4 

9.4 
8.6 

55.6 
55.8 

13.8 
15.7 

0.68 
0.55 

82.9 
82.4 
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TABLE  II:  Approach  to  target  purity.  DS  =  dry  solids 

(calculated  -  see  text) ,  PU  =  true  purity,  TARGET 
=  target  true  purity,  DIF  =  true  purity  -target 
true  purity. 


MILL- 
PERIOD 

DS 

PU 

TARGET 
X  DS 

DIF 

3 

A-1 
A-2 

81.6 

82. A 

44.3 
45.3 

42.5 
42.9 

1.8 
2.4 

B-1 
B-2 

79.5 
79.1 

42.9 
43.5 

42.3 
43.1 

0.6 
0.4 

C-1 
C-2 

81.0 
80.4 

40.7 
41.0 

41.7 
40.6 

-1.0 
0.4 

D-1 
D-2 

81.5 
80.1 

45.2 
44.7 

42.8 
42.2 

2.4 
2.5 

E-1 

80.8 

43.6 

40.2 

3.4 

F-1 
F-2 

82.4 

81.8 

39.4 
40.4 

40.8 
43.9 

-1.4 
-3.5 

H-1 
H-2 

83.4 
83.5 

42.8 
42.7 

42.0 
43.5 

0.8 
-0.8 

1-1 

81.7 

41.2 

41.3 

-0.1 

J-1 
J-2 

81.4 
82.2 

43.1 
41.4 

40.9 
41.1 

2.2 

0.3 

K-1 

r-2 

75.9 
78.1 

45.4 
48.4 

41.4 
41.5 

4.0 
6.9 

L-l 
L-2 

79.1 
79.3 

43.8 
43.7 

42.6 
44.2 

1.2 
-0.5 

N-1 
N-2 

84.1 
81.7 

45.5 
U. 4 

41.8 

3.7 

0-1 
0-2 

84.3 
82.3 

45.5 
45.4 

41.8 
42.5 

3.7 
2.9 

P-1 
P-2 

79.3 
77.6 

40.4 
45.9 

42.0 
42.6 

-1.6 
3.3 

Q-1 
0-2 

80.3 
79.5 

43.5 

44.8 

42.8 
44.0 

0.7 
0.8 

S-1 
S-2 

83.1 
83.2 

42.9 
44.9 

42.1 
42.8 

0.8 
2.1 

T-1 
T-2 

80.3 
81.0 

41.9 
43.6 

42.3 
42.8 

-0.4 
0.8 

U-1 

U-2 

81.8 
81.3 

46.8 
47.8 

44.5 
45.6 

2.3 

2.2 
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TABLE  III:  Composition  of  1989  Louisiana  final  molasses.  All  in 
weight  %  or  ppm  of  the  original  sample. 


MILL- 
PERIOD 

P 
dob 

K 

X 

Ca 

X 

Kg 

X 

Na 
on 

Fe 

DDB 

Cu 

DOB 

A-1 
A-2 

844 
891 

3.96 
4.08 

.772 
.807 

.326 
.326 

371 
470 

86 

115 

17 
13 

B-1 
B-2 

947 

1040 

2.54 
2.97 

.637 
.704 

.283 
.334 

247 
301 

90 
125 

12 

15 

C-1 
C-2 

970 
954 

3.70 
2.43 

.627 
.724 

.313 
.326 

282 
314 

130 
141 

17 
18 

0-1 
D-2 

941 
1140 

3.03 
2.74 

.773 
.671 

.494 
.473 

358 
576 

111 
109 

10 
16 

E-1 

1140 

2.56 

.643 

.301 

271 

142 

6 

F-1 
F-2 

850 
856 

2.83 
3.09 

.685 
.784 

.443 
.498 

370 
467 

104 
125 

8 

11 

H-1 
H-2 

711 
701 

3.38 
4.00 

.816 
.913 

.394 
.395 

240 
290 

136 
144 

10 
8 

1-1 

1100 

3.30 

.616 

.439 

869 

198 

13 

J-1 
J-2 

1150 
1250 

3.63 

2.60 

.515 
.607 

.434 
.454 

327 
348 

102 
93 

8 
8 

K-1 
K-2 

909 
978 

3.81 
3.87 

.505 
.603 

.286 
.323 

746 
1499 

236 
126 

10 
11 

L-1 
L-2 

713 
733 

3.26 
3.07 

.824 
.979 

.468 
.459 

745 
924 

101 
115 

7 
9 

N-1 

903 

3.33 

.594 

.393 

598 

133 

9 

0-1 
0-2 

827 
764 

2.84 
3.16 

.392 

.481 

.251 
.283 

2104 
2299 

93 
88 

6 
<5 

P-1 
P-2 

869 

850 

3.17 
3.16 

.673 
.765 

.361 
.322 

631 
568 

136 

131 

7 
8 

Q-1 
Q-2 

1290 
882 

2.86 
2.79 

.565 
.689 

.362 
.401 

1651 
1403 

143 
188 

11 
17 

S-1 
S-2 

868 
1040 

3.70 
3.25 

.589 
.692 

.475 
.577 

1306 
1862 

101 
117 

10 
14 

T-1 
T-2 

646 
722 

3.71 
3.81 

.766 
.876 

.444 
.430 

408 
554 

236 
196 

15 

11 

U-1 
U-2 

1010 
976 

2.54 
3.41 

.711 
.752 

.496 
.516 

1685 
1670 

123 

224 

10 
11 
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FIGURE  1:   Average  composition  of  1989   final  molasses.   All   in  %  dry- 
solids    (DS)  . 
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FIGURE  2:  Composition  of  the  1989  Louisiana  final  molasses.  The 
line  represents  the  target  formula,  42.4  -  12.3  LoglO  (RS/Ash). 
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FIGURE  3:  Composition  of  the  1987,  1988  and  1989  Louisiana  final 
molasses.  PURITY  =  true  molasses  purity,  DIF  =  actual  true  purity  - 
target  purity. 
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FIGURE  4:  Composition  of  the  1987,  1988  and  1989  Louisiana  final 
molasses.  The  straight  line  is  a  least-square  fit  of  the  three  data 
points. 


229 


1 989  CORE  SAMPLING 

H.S.  BIRKETT  AND  J.  STEIN 
AUDUBON  SUGAR  INSTITUTE 


Results  shown  below  were  obtained  during  the  1988  and  1989  crops 
core  lab  s  tudies : 

1.  The  present  core  lab  procedures  and  method  predict  about  3-5$ 
more  pol  in  cane  than  actually  present  in  the  delivered  (gross) 
cane . 

2.  The  pol  extraction  achieved  by  the  hydraulic  press  is  typically 

7  5-80$. 

3«  The  true  (cane)  fiber  in  the  delivered  (gross)  cane  typically 
averages  about  10.5  to  12.5$. 

4.   The  sediment  factor  presently  used  (0.302)  is  reasonable 

provided  that  the  samples  are  centrifuged  for  5  to  10  minutes 
at  the  highest  speed. 


Overprediction  of  Pol  $_  Cane 

The  fact  that  the  present  core  lab  procedure  overpredicts  the  pol 
in  cane  by  3  to  5  $  has  no  or  very  little  effect  on  cane  payments 
in  Louisiana,  since  the  payments  are  based  on  sharing  a  fixed 
percentage  of  the  sugar  proceeds  with  the  grower. 

A  true  core  lab  pol  $  cane  however  would  provide  better  information 
to  growers,  sugar  factories  and  researchers  alike. 

The  reason  for  the  overprediction  of  the  pol  in  cane  by  the  core 
lab  results  from  the  assumption  that  the  residual  juice  in  the 
bagasse  (press  residue)  is  not  equal  to  the  extracted  juice. 

The  literature  makes  reference  to  Brix-free  water,  and  to  fibraque 
-  a  'compound'  of  fiber  and  water.  Typical  literature  values  for 
Brix-free  water  are  20$  of  the  fiber. 

The  calculated  Brix-free  water  figure  that  would  make  the  pol  $ 
cane  figure  from  the  core  lab  method  equal  that  given  by  analysis 
of  the  juice  and  bagasse  fractions  (B+j)  method  is  19«1$  and  21.3$ 
of  the  core  lab  fiber  figure  for  the  1989  and  1988  results 
respec  tively . 

The  inclusion  of  the  Brix-free  water  concept  could  be  used  to 
eliminate  the  error  in  the  core  lab's  predicted  pol  $  cane  figure. 

If  the  core  lab's  prediction  formula  is  changed  to  include  the 
Brix-free  water  concept  then  all  factories  should  adopt  it  so  that 
inter-factory  comparisons  would  be  on  the  same  basis. 
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If  no  change  in  the  prediction  formula  is  made,  then  the  predicted 
pol  %  cane  figure  should  be  understood  to  be  3-5$  greater  than  the 
true  pol  in  cane . 


Juice  Purity 

Just  as  the  Brix  and  pol  of  the  residual  juice  in  the  bagasse 
(residue)  is  lower  than  that  in  the  juice  extracted,  so  too  the 
purity  of  the  residual  juice  is  of  lower  purity  than  the  extracted 
juice . 

The  error  introduced  by  assuming  that  the  factory  mill's  mixed 
juice  purity  will  be  the  same  as  the  core  lab's  press  juice  purity 
leads  to  a  small  (1-2  lbs  sugar/ton  cane)  o ve rpredi c tion  of  the  TRS 
(theoretical  recoverable  sugar  yield). 

The  change  in  the  extracted  juice  purity  with  press  extraction  was 
found  to  be  very  small.  On  the  other  hand,  in  the  case  of  milling 
operations  where  the  preparation  (degree  of  cell  breakage) 
increases  as  the  extraction  increases  the  purity  of  the  extracted 
juice  declines  with  increasing  extraction. 

The  effect  of  the  variation  in  juice  purity  with  extraction  has  a 
much  smaller  effect  on  the  TRS  than  the  pol  error  noted  in  the 
previous  section. 


Sediment  Test  Correction  Factor 

The  sediment  factor  is  the  factor  used  to  convert  %   sediment  volume 
to  dry  sediment  %    juice  by  weight. 


In  1988,  this  factor  was  determined  as  O.JO  for  a  5  minute 
centrifuge  time  at  the  maximum  centrifuge  RPM.  In  1 989 »  the 
sediment  factor  was  determined  as  0.29*  It  is  felt  that  the 
independently  determined  (and  currently  used)  factor  of  0.302  is 
satisfactory  and  need  not  be  changed. 
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Table  1 
POL  IN  CANE  -  CORE,  BLENDOR,  CORE  JUICE  +  BAGASSE  ANALYSIS 


Pol  %   Cane 


Pol  %   Cane  as  %  J+B  Pol  %   Cane 


Run  Number 

Core  Lab 

Blendor 

Core  J+B 

Core  Lab 

Blendor 

Core  J+B 

1 

12.16 

11.61 

11.62 

104.64 

99.97 

100.00 

2 

12.22 

11.64 

11.89 

102.76 

97.89 

100.00 

3 

9.33 

8.90 

8.79 

106.14 

101.27 

100.00 

4 

11.32 

10.65 

10.86 

104.22 

98.12 

100.00 

5 

14.03 

13.24 

13.28 

105.65 

99.75 

100.00 

6 

12.03 

11.90 

11.61 

103.66 

102.52 

100.00 

7 

11.80 

11.79 

11.60 

101.76 

101.63 

100.00 

8 

12.80 

12.50 

12.31 

103.96 

101.57 

IOC. 00 

9 

14.75 

14.91 

14.69 

100.41 

101.51 

100.00 

10 

13.42 

12.65 

12.94 

103.71 

97.80 

100.00 

11 

13.25 

12.63 

13.00 

101.90 

97.12 

100.00 

12 

15.20 

14.90 

14.84 

102.48 

100.45 

100.00 

L3 

12.58 

12.30 

12.29 

102.32 

100.09 

100.00 

14 

13.28 

12.37 

12.87 

103.25 

96.15 

100.00 

15 

13.67 

13.23 

13.35 

102.39 

99.06 

100.00 

16 

13.19 

13.19 

12.95 

101.85 

101.85 

100.00 

17 

14.08 

13.77 

13.62 

103.38 

101.07 

100.00 

18 

14.13 

13.81 

14.00 

100.90 

98.64 

100.00 

19 

14.64 

14.63 

14.41 

101.61 

101.52 

100.00 

20 

15.77 

15.48 

15.15 

104.08 

102.17 

100.00 

21 

15.34 

14.90 

14.85 

103.29 

100.30 

100.00 

22 

15.52 

14.91 

14.84 

104.61 

100.49 

100.00 

23 

14.26 

13.73 

13.45 

106.06 

102.10 

100.00 

24 

11.87 

9.24 

10.93 

108.65 

84.53 

100.00 

25 

12.18 

11.84 

11.93 

102.13 

99.27 

100.00 

26 

11.26 

10.69 

11.17 

100.81 

95.70 

100.00 

27 

11.75 

11.26 

11.77 

99.83 

95.67 

100.00 

28 

10.49 

10.38 

9.95 

105.42 

104.35 

100.00 

29 

13.06 

13.22 

12.91 

101.17 

102.39 

100.00 

30 

11.27 

11.23 

11.17 

100.87 

100.58 

100.00 

31 

11.95 

11.11 

11.56 

103.35 

96.05 

100.00 

32 

11.97 

10.92 

11.37 

105.35 

96.12 

100.00 

1989 

12.96 

12.49 

12.56 

103.21 

99.30 

100.00 

1988 

12.77 

12.18 

12.33 

103.59 

98.77 

IOC. 00 

Core  Lab  Pol  %   Cane  is  current  calculated  figure  with  sediment  determination. 

Blendor  Pol  %   Cane  is  direct  pol  %   cane  obtained  by  disintegrating  a  portion 
of  the  impressed  cane  core  sample  in  a  Waring  blendor. 


Core  (J+B)  Pol  %   Cane  figure  is  calculated  pol  in  cane  using  the  core  juice 
combined  with  a  direct  pol  determination  on  the  residue  (by  disintegration). 

Results  indicate  that  the  core  press  method  slightly  overpredicts  the  true 
pol  %  cane  (by  3  to  5%),  i.e.  when  the  core  lab  indicates  a  pol  %  cane  of 
12.96%,  the  true  pol  %   delivered  cane  is  12.31  to  12.57S 


7%. 
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Table  2 
BRIX  IN  CANE  -  CORE,  BLENDOR,  CORE  JUICE  +  BAGASSE  ANALYSIS 


Brix  %   Cane 

Brix  %   Cane 

as  %  J+B  Brix  %  Cane 

Run  Number 

Core  Lab 

Blendor 

Core  J+B 

Core  Lab 

Blendor 

Core  J+B 

1 

14.05 

14.14 

14.24 

98.63 

99.28 

100.00 

2 

14.40 

14.25 

14.50 

99.26 

98.24 

100.00 

3 

11.07 

12.78 

12.21 

90.71 

104.68 

100.00 

4 

12.61 

13.83 

13.64 

92.40 

101.39 

100.00 

5 

15.73 

15.77 

15.84 

99.30 

99.56 

100.00 

6 

13.78 

14.91 

14.29 

96.39 

104.32 

100.00 

7 

14.12 

14.42 

14.42 

97.90 

99.97 

100.00 

8 

14.51 

15.99 

15.40 

94.26 

103.82 

100.00 

9 

16.08 

17.38 

16.66 

96.48 

104.29 

100.00 

10 

14.90 

15.13 

14.97 

99.51 

101.03 

100.00 

11 

14.84 

14.44 

15.22 

97.51 

94.91 

100.00 

12 

16.35 

16.66 

16.61 

98.44 

100.32 

100.00 

13 

14.28 

14.77 

15.14 

94.34 

97.60 

100.00 

14 

14.91 

14.70 

15.25 

97.73 

96.40 

100.00 

15 

15.25 

14.94 

15.16 

100.57 

98.56 

100.00 

16 

14.60 

15.48 

15.19 

96.16 

101.93 

100.00 

17 

15.56 

15.76 

16.01 

97.24 

98.46 

100.00 

18 

15.64 

15.02 

16.02 

97.60 

93.72 

100.00 

19 

15.94 

16.58 

16.32 

97.67 

101.61 

100.00 

20 

17.30 

17.38 

17.15 

100.89 

101.35 

100.00 

21 

16.76 

16.95 

16.92 

99.04 

100.19 

100.00 

22 

16.96 

17.67 

16.89 

100.45 

104.64 

100.00 

23 

15.54 

15.79 

15.21 

102.15 

103.76 

100.00 

24 

13.43 

12.77 

13.70 

97.99 

93.20 

100.00 

25 

13.90 

14.54 

14.52 

95.76 

100.13 

100.00 

26 

12.54 

12.92 

13.29 

94.33 

97.19 

100.C0 

27 

12.84 

13.19 

13.55 

94.78 

97.31 

100.00 

28 

11.98 

12.89 

12.57 

95.35 

102.57 

100.00 

29 

14.42 

15.10 

15.09 

95.56 

100.06 

100.00 

30 

12.73 

13.45 

13.72 

92.79 

98.09 

100.00 

31 

13.75 

13.28 

13.70 

100.39 

96.96 

100.00 

32 

13.31 

13.33 

13.72 

97.01 

97.17 

100.00 

1989 

14.50 

14.88 

14.91 

97.14 

99.77 

100.00 

1988 

14.45 

15.06 

14.52 

99.53 

103.71 

100.00 

Core  Lab  Brix  %  Cane  is  current  calculated  figure  with  sediment 
determination. 

Blendor  Pol  %  Cane  is  direct  Brix  %  cane  obtained  by  disintegrating  a  portion 
of  the  core  sample  in  a  Waring  blendor.  The  Brix  of  the  extract  was  obtained 
by  drying. 

Core  (J+B)  Pol  %  Cane  figure  is  calculated  pol  in  cane  using  the  core  juice 
combined  with  a  direct  Brix  determination  on  the  residue  (by  disintegration). 
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Table  3 
FIBER  +  'ASH'  IN  CANE  -  CORE,  BLENDOR,  CORE  JUICE  +  BAGASSE  ANALYSIS 


Expressed  as  I  of  J+B  Figure 


Run  Number 

Core  Lab 

Blendor 

Core  J+B 

Core  Lab 

Blendor 

Core  J+B 

1 

15.36 

16.16 

15.01 

102.36 

107.66 

100.00 

2 

14.05 

13.95 

13.91 

101.01 

100.29 

100.00 

3 

25.19 

28.06 

24.03 

104.85 

116.78 

100.00 

4 

18.14 

19.28 

16.87 

107.54 

114.31 

100.00 

5 

16.34 

17.77 

16.30 

100.23 

108.99 

100.00 

6 

18.47 

17.65 

19.03 

97.06 

92.74 

100.00 

7 

13.91 

12.76 

13.33 

104.35 

95.73 

100.00 

8 

19.36 

18.52 

18.73 

103.37 

98.86 

100.00 

9 

15.38 

14.36 

14.21 

108.29 

101.08 

100.00 

10 

14.37 

15.62 

13.64 

105.29 

114.49 

100.00 

11 

19.37 

18.26 

17.73 

109.27 

103.01 

100.00 

12 

14.18 

15.14 

14.23 

99.62 

106.36 

100.00 

13 

20.66 

21.94 

19.62 

105.28 

111.80 

100.00 

14 

16.26 

15.99 

15.63 

104.08 

102.34 

100.00 

15 

14.34 

14.77 

13.43 

106.79 

110.01 

100.00 

16 

17.50 

17.43 

16.02 

109.26 

108.81 

100.00 

17 

18.08 

16.44 

16.08 

112.42 

102.23 

100.00 

18 

15.01 

13.09 

14.04 

106.95 

93.25 

100.00 

19 

16.10 

14.42 

15.10 

106.60 

95.49 

100.00 

20 

13.50 

14.02 

13.82 

97.64 

101.43 

100.00 

21 

13.63 

15.31 

13.37 

101.98 

114.55 

100.00 

22 

14.34 

14.27 

14.62 

98.09 

97.61 

100.00 

23 

17.34 

19.37 

16.55 

104.77 

117.05 

100.00 

24 

20.07 

21.52 

18.15 

110.62 

118.59 

100.00 

25 

13.11 

12.89 

12.19 

107.50 

105.72 

100.00 

26 

17.50 

15.97 

14.49 

120.77 

110.20 

100.00 

27 

16.59 

15.60 

14.03 

118.25 

111.18 

100.00 

28 

18.47 

18.65 

16.60 

111.26 

112.32 

100.00 

29 

15.68 

15.16 

13.37 

117.33 

113.41 

100.00 

30 

19.45 

17.80 

13.80 

140.94 

129.00 

100.00 

31 

14.05 

13.80 

13.25 

106.03 

104.17 

100.00 

32 

21.71 

20.49 

19.58 

110.88 

104.63 

100.00 

1989 

16.80 

16.76 

15.65 

107.52 

107.00 

100.00 

1988 

16.83 

17.16 

15.91 

105.88 

107.86 

100.00 

Core  lab  figure  is  fiber  plus  dry  sediment  as  calculated  by  core  method. 

Blendor  method  figure  is  true  fiber  plus  ash. 

Core  (J+B)  figure  is  true  fiber  plus  as  in  bagasse  residue,  but  does  NOT 
include  ash  in  the  extracted  juice. 

Note:  The  above  three  tabulations  do  NOT  represent  the  same  quantities. 
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Table  4 
TRS  BY  THREE  METHODS  -  CORE,  BLENDOR,  CORE  JUICE  +  BAGASSE  ANALYSIS 


Expressed  as  %   of  J+B  Figure 


Run  Number 

Core  Lab 

Blendor 

Core  J+B 

Core  Lab 

Blendor 

Core  J+B 

1 

204.51 

188.85 

190.15 

107.55 

99.32 

100.00 

2 

205.83 

192.36 

196.95 

104.51 

97.67 

100.00 

3 

139.72 

114.55 

121.89 

114.63 

93.98 

100.00 

4 

188.89 

162.26 

172.49 

109.51 

94.07 

100.00 

5 

237.38 

214.71 

218.01 

108.89 

98.49 

100.00 

6 

197.63 

187.96 

182.64 

108.21 

102.91 

100.00 

7 

197.65 

196.94 

191.17 

103.39 

103.02 

100.00 

8 

209.29 

193.60 

192.58 

108.68 

100.53 

100.00 

9 

255.05 

251.98 

251.88 

101.26 

100.04 

100.00 

10 

232.16 

208.82 

220.78 

105.15 

94.58 

100.00 

11 

217.93 

207.89 

212.73 

102.44 

97.73 

100.00 

12 

267.32 

255.27 

255.97 

104.43 

99.73 

100.00 

13 

202.78 

190.23 

192.19 

105.51 

98.98 

100.00 

14 

224.90 

204.09 

213.25 

105.46 

95.70 

100.00 

15 

236.11 

226.21 

230.39 

102.48 

98.18 

100.00 

16 

222.22 

216.20 

215.15 

103.29 

100.49 

100.00 

17 

236.01 

230.43 

225.81 

104.52 

102.05 

100.00 

18 

243.42 

243.86 

239.49 

101.64 

101.82 

100.00 

19 

251.80 

250.56 

245.45 

102.59 

102.08 

100.00 

20 

276.24 

267.12 

260.88 

105.89 

102.39 

100.00 

21 

269.11 

252.72 

256.03 

105.11 

98.71 

100.00 

22 

270.56 

250.06 

253.15 

106.88 

98.78 

100.00 

23 

242.28 

222.96 

226.13 

107.14 

98.60 

100.00 

24 

193.01 

132.16 

171.70 

112.41 

76.97 

100.00 

25 

210.29 

197.26 

200.76 

104.75 

98.26 

100.00 

26 

189.16 

174.88 

186.61 

101.36 

93.71 

100.00 

27 

200.61 

187.71 

200.57 

100.02 

93.59 

100.00 

28 

172.44 

163.24 

157.99 

109.15 

103.32 

100.00 

29 

224.07 

224.20 

219.82 

101.93 

101.99 

100.00 

30 

184.39 

181.49 

184.57 

99.90 

98.33 

100.00 

31 

203.78 

186.13 

195.62 

104.17 

95.15 

100.00 

32 

192.82 

170.16 

179.72 

107.29 

94.68 

100.00 

1989 

218.73 

204.59 

208.20 

105.32 

98.00 

100.00 

1988 

213.96 

194.54 

204.39 

104.78 

95.13 

100.00 

TRS  figures  for  the  three  methods  calculated  using  the  respective  pol  %   cane, 
and  Brix  %   cane,  and  fiber  +  ash  figures  shown  in  Table  3,  and  applying  the 
core  method  formula. 
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Table  5 
ABSOLUTE  JUICE  PURITY  -  CORE,  BLENDOR,  CORE  JUICE  +  BAGASSE  ANALYSIS 


Expressed  as  %  of  J+B  Figure 


Run  Number 

Core  Lab 

Blendor 

Core  J+B 

Core  Lab 

Blendor 

Core  J+B 

1 

86.52 

82.11 

81.55 

106.10 

100.69 

100.00 

2 

84.85 

81.67 

81.96 

103.53 

99.65 

100.00 

3 

84.28 

69.68 

72.03 

117.01 

96.74 

100.00 

4 

89.77 

77.02 

79.59 

112.79 

96.77 

100.00 

5 

89.19 

83.98 

83.83 

106.39 

100.18 

100.00 

6 

87.35 

79.81 

81.21 

107.55 

98.27 

100.00 

7 

83.61 

81.76 

80.43 

103.95 

101.66 

100.00 

8 

88.18 

78.21 

79.95 

110.30 

97.83 

100.00 

9 

91.74 

85.79 

88.15 

104.07 

97.33 

100.00 

10 

90.06 

83.64 

86.41 

104.23 

96.80 

100. CO 

11 

89.30 

87.44 

85.45 

104.51 

102.33 

100.00 

12 

93.00 

89.44 

89.33 

104.11 

100.13 

100.00 

13 

88.06 

83.27 

81.19 

108.46 

102.55 

100.00 

14 

89.12 

84.14 

84.36 

105.64 

99.74 

100.00 

15 

89.67 

88.52 

88.07 

101.81 

100.51 

100.00 

16 

90.35 

85.23 

85.30 

105.92 

99.92 

100.00 

17 

90.47 

87.34 

85.09 

106.32 

102.64 

100.00 

18 

90.35 

91.99 

87.40 

103.37 

105.24 

100.00 

19 

91.87 

88.23 

88.30 

104.04 

99.92 

100.00 

20 

91.13 

89.05 

88.34 

103.16 

100.81 

100.00 

21 

91.57 

87.90 

87.80 

104.29 

100.11 

100.00 

22 

91.52 

84.38 

87.87 

104.15 

96.03 

100.00 

23 

91.76 

86.97 

88.38 

103.83 

98.40 

100.00 

24 

88.43 

72.33 

79.75 

110.88 

90.70 

100.00 

25 

87.64 

81.47 

82.18 

106.65 

99.14 

100.00 

26 

89.81 

82.75 

84.03 

106.87 

98.47 

100.00 

27 

91.44 

85.35 

86.81 

105.33 

98.32 

100.00 

28 

87.53 

80.55 

79.17 

110.55 

101.73 

100.00 

29 

90.61 

87.59 

85.59 

105.87 

102.33 

100.00 

30 

88.51 

83.49 

81.43 

108.71 

102.53 

100.00 

31 

86.89 

83.61 

84.40 

102.95 

99.07 

100.00 

32 

89.97 

81.96 

82.85 

108.59 

98.92 

100.00 

1989 

89.20 

83.65 

84.01 

106.31 

99.55 

100.00 

1988 

88.22 

80.70 

84.75 

104.10 

95.23 

100.00 

Core  lab  "absolute  juice"  same  as  extracted  juice  purity. 

Blendor  absolute  juice  is  directly  determined  from  pol  and  Brix  of  extract 
after  disintegrating  sample  in  Waring  blendor. 

Core  J+B  absolute  juice  calculated  from  extracted  juice  analysis  and  residual 
juice  analysis  by  disintegrating  residue  in  Waring  blendor. 
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Table  6 
ASH  IN  CANE  AND  BAGASSE  AND  ASH  RETENTION  IN  RESIDUE 


Blendor 
Ash  %  Cane 

Core  Residue 

Run  Number 

Ash  %   Residue 

Ash  %   Cane 

Ash  Retention 

1 

2.73 

5.51 

2.12 

77.50 

2 

1.60 

2.84 

1.02 

63.65 

3 

17.83 

23.39 

11.71 

65.68 

4 

6.59 

10.70 

4.89 

74.15 

5 

6.03 

7.58 

3.17 

52.62 

6 

6.44 

13.79 

5.31 

82.46 

7 

2.20 

4.82 

1.55 

70.68 

8 

8.66 

16.27 

6.41 

74.00 

9 

2.40 

4.94 

1.75 

72.94 

10 

2.89 

5.32 

1.64 

56.90 

11 

3.25 

6.67 

3.04 

93.61 

12 

2.48 

4.04 

1.61 

65.12 

13 

9.70 

14.84 

6.29 

64.87 

14 

2.62 

5.43 

2.11 

80.46 

15 

1.43 

2.49 

0.90 

63.18 

16 

6.38 

11.62 

4.20 

65.81 

17 

2.96 

4.22 

1.78 

60.22 

18 

1.38 

3.05 

1.13 

81.97 

19 

1.71 

3.85 

1.26 

73.94 

20 

1.05 

2.56 

0.85 

81.17 

21 

3.25 

4.25 

1.54 

47.47 

22 

2.57 

6.35 

2.50 

97.39 

23 

7.20 

7.53 

3.65 

50.74 

24 

11.48 

14.83 

7.52 

65.48 

25 

2.91 

6.28 

2.06 

70.77 

26 

2.67 

5.22 

1.96 

73.23 

27 

4.50 

8.30 

2.90 

64.35 

28 

4.90 

6.88 

3.11 

63.47 

29 

3.47 

7.56 

2.66 

76.62 

30 

6.12 

6.74 

2.53 

41.35 

31 

1.98 

4.21 

1.50 

75.60 

32 

7.40 

14.12 

6.32 

85.39 

1989 

4.65 

7.69 

3.16 

69.78 

1988 

6.62 

14.07 

4.95 

72.30 

Blendor  Ash  %   Cane  is  obtained  by  ashing  a  sample  of  the  cane  core. 

Core  Ash  %   Residue  is  obtained  by  ashing  a  sample  of  the  residue. 

Ash  %  Cane  from  core  residue  is  obtained  by  multiplying  the  ash  %   residue 
figure  by  the  residue  %   cane. 

Ash  retention  is  the  core's  ash  %   cane  figure  expressed  as  a  percent  of  the 
Blendor' s  ash  %   cane  figure. 
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Table  7 
COMPARISON  OF  TRUE  (DIRECT)  FIBER  IN  CANE  -  BLENDOR  VS  RESIDUE 


Run  Number 

Blendor 

Core  Residue 

Blendor  1  Core  Residue 

1 

13.43 

12.89 

104.15 

2 

12.35 

12.89 

95.80 

3 

10.23 

12.32 

83.05 

4 

12.69 

11.98 

105.93 

5 

11.74 

13.13 

89.40 

6 

11.21 

13.72 

81.70 

7 

10.56 

11.77 

89.68 

8 

9.86 

12.33 

80.00 

9 

11.96 

12.46 

96.01 

10 

12.73 

12.00 

106.09 

11 

15.01 

14.68 

102.23 

12 

12.66 

12.62 

100.32 

13 

12.24 

13.33 

91.81 

14 

13.37 

13.52 

98.91 

15 

13.34 

12.52 

106.53 

16 

11.05 

11.82 

93.49 

17 

13.48 

14.30 

94.27 

18 

11.71 

12.91 

90.73 

19 

12.71 

13.84 

91.86 

20 

12.97 

12.97 

100.00 

21 

12.06 

11.82 

102.01 

22 

11.70 

12.12 

96.56 

23 

12.17 

12.90 

94.38 

24 

10.04 

10.63 

94.46 

25 

9.98 

10.13 

98.49 

26 

13.30 

12.54 

106.09 

27 

11.10 

11.14 

99.68 

28 

13.75 

13.49 

101.90 

29 

11.69 

10.71 

109.16 

30 

11.68 

11.27 

103.66 

31 

11.82 

11.75 

100.58 

32 

13.09 

13.26 

98.69 

1989 

12.12 

12.49 

97.11 

1988 

10.54 

10.96 

96.74 

Blendor  true  fiber  in  cane  obtained  by  straining,  washing  and  drying  the 
blended  cane  sample  after  disintegration  in  the  blendor. 

True  fiber  %   cane  from  Core  Residue  determined  by  direct  determination  of  the 
true  fiber  in  the  residue  by  straining,  washing  and  drying  the  residue  sample 
after  disintegration  in  a  blendor.  The  true  fiber  content  in  the  cane  being 
obtained  from  the  product  of  the  true  fiber  %   residue  and  the  residue  %  cane. 

The  results  indicate  that  the  true  cane  fiber  %  delivered  (gross)  cane 
typically  averages  10.5  to  12.5%. 
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Table  8 
COMPARISON  OF  PRESS  JUICE  PURITY  WITH  RESIDUAL  JUICE  PURITY 


Run  Number 

Press  Juice 

Residual  Juice 

Difference 

Press  Extraction 

1 

86.52 

69.07 

17.45 

75.86 

2 

84.85 

73.85 

11.00 

76.30 

3 

84.28 

54.11 

30.17 

69.49 

4 

89.77 

64.54 

25.22 

67.27 

5 

89.19 

72.51 

16.67 

72.21 

6 

87.35 

65.62 

21.72 

77.19 

7 

83.61 

70.15 

13.46 

79.43 

8 

88.18 

61.39 

26.79 

76.40 

9 

91.74 

78.38 

13.36 

76.11 

10 

90.06 

72.15 

17.91 

82.96 

11 

89.30 

78.24 

11.05 

68.10 

12 

93.00 

81.33 

11.67 

71.35 

13 

88.06 

66.71 

21.35 

73.57 

14 

89.12 

72.66 

16.46 

75.09 

15 

89.67 

83.37 

6.30 

75.99 

16 

90.35 

71.32 

19.03 

77.83 

17 

90.47 

73.49 

16.97 

72.64 

18 

90.35 

79.82 

10.54 

74.44 

19 

91.87 

75.78 

16.09 

80.98 

20 

91.13 

78.66 

12.47 

80.07 

21 

91.57 

77.81 

13.75 

75.73 

22 

91.52 

79.08 

12.43 

73.61 

23 

91.76 

82.92 

8.84 

64.06 

24 

88.43 

68.14 

20.29 

63.48 

25 

87.64 

67.30 

20.34 

78.01 

26 

89.81 

69.84 

19.97 

75.97 

27 

91.44 

74.15 

17.29 

77.15 

28 

87.53 

64.81 

22.72 

69.89 

29 

90.61 

72.37 

18.24 

76.72 

30 

88.51 

64.37 

24.14 

76.79 

31 

86.89 

76.96 

9.94 

77.16 

32 

89.97 

68.25 

21.71 

72.99 

1989 

89.20 

72.16 

17.04 

74.53 

1988 

88.22 

72.61 

15.61 

81.04 

Press  Juice  purity  is  the  purity  of  the  extracted  press  juice. 

Residual  Juice  Purity  is  the  purity  of  the  juice  in  the  residue  determined  by 
disintegrating  the  press  residue  and  determining  the  pol  and  Brix  of  the 
extract. 

Note :  The  residual  juice  purity  of  the  residue  was  obtained  from  the  Brix  of 
the  extract,  and  the  Brix  is  believed  to  be  too  high,  yielding  too  low  a 
residual  juice  purity. 

Press  extraction  is  the  actual  pol  extraction  of  the  press  calculated  from 
the  pol  in  the  extracted  press  juice  divided  by  the  pol  in  the  extracted 
press  juice  plus  the  pol  in  the  residue  obtained  by  direct  analysis  of  the 
residue. 
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EXTRACTED  JUICE  PURITY  VS  EXTRACTION 

PRESS  -  1989 
EXTRACTED  JUICE  PURITY 


90- 
85- 
80 


75 


-i 1 1 1 r 


i 1 1 r 


40    45     50     55     60     65     70     75     80    85     90     95    100 

EXTRACTION 


RUN  1  (11/13) 


RUN  2  (11/14) 


FIGURE  1 


DATA  USED 

FOR  FIGURES  1  §  2 

Incremental 

Juice 

Cumulative 

Pol  Extraction     Brix 

Purity 

Juice  Purity 

Press  Run  No. 

1  (11/13/89) 

43.36 

20.6 

90.39 

90.39 

53.98 

20.3 

90.69 

90.45 

64.10 

20.1 

90.40 

90.44 

71.65 

19.6 

90.05 

90.40 

80.69 

16.9 

90.06 

90.36 

100.00 

• 

76.58 

87.32 

Press  Run  No. 

2  (11/14/89) 

45.16 

16.2 

87.78 

87.78 

53.95 

16.4 

88.48 

87.89 

61.26 

16.5 

88.91 

88.01 

76.30 

15.55 

88.42 

88.09 

100.00 

- 

80.59 

86.19 
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INCREMENTAL  JUICE  PURITY  VS  EXTRACTION 

PRESS  -  1989 


INCREMENTAL  JUICE  PURITY 


i 1 1 1 1 1 1 1 1 1 r 


40     45     50     55     60     65     70     75     80     85     90     95    100 

EXTRACTION 


RUN  1  (11/13) 


RUN  2  (11/14) 


FIGURE  2 
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EXTRACTED  JUICE  PURITY  VS  EXTRACTION 

FARREL  MILL  -  1989 
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DATA  USED  FOR  FIGURES  3  $  4 

Incremental 

Juice 

Cumulative 

Pol  Extraction 

Brix 

Purity 

Juice  Purity 

Farrel  Run  No. 

1  (11/30/89) 

70.00 

19.0 

87.56 

87.56 

80.57 

13.9 

82.47 

86.87 

85.40 

10.3 

79.50 

86.42 

87.56 

8.3 

78.37 

86.20 

89.38 

7.1 

75.73 

85.96 

91.49 

5.6 
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100.00 

• 

62.88 

83.14 

Farrel  Run  No. 

2  (12/05/89) 

68.99 

18.5 

89.45 

89.45 

80.86 

11.4 

84.83 

88.74 

86.76 

7.9 

82.28 

88.28 

91.33 

5.7 

80.93 

87.88 

94.21 

3.9 

77.64 

87.53 

95.77 

2.3 

76.85 

87.33 

100.00 

- 

57.80 

85.48 
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INCREMENTAL  JUICE  PURITY  VS  EXTRACTION 

FARREL  MILL  -  1989 


INCREMENTAL  JUICE  PURITY 


80  85 

EXTRACTION 


100 


RUN  1  (11/30) 
RUN  3  (01/23) 


RUN  2  (12/05) 
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DATA  USED  FOR  FIGURES  3  $  4   (Cont'd) 


Incremental 

Juice 

Cumulative 

Pol  Extract 

ion 

Brix 

Purity 

Juice  Puritv 

Farrel  Run 

No. 

3  (01/23/90) 

69.54 

20.8 

92.04 

92.04 

80.36 

12.4 

89.52 

91.67 

83.95 

8.0 

89.08 

91.56 

87.40 

6.2 

87.81 

91.41 

90.84 

4.8 

87.71 

91.26 

92.88 

3.6 

87.28 

91.17 

100.00 

- 

60.04 

87.92 
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SEDIMENT  CORRECTION  FACTOR 

1989 
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SEDIMENT  FACTOR  DETERMINATIONS 


Year 

Time 

Regression  Equation 

Correlation  Coeff. 

1989 

10 

Y  =  0.346  X  -  0.10 

(r  =  0.93) 

1989 

5 

Y  =  0.289  X  +  0.02 

(r  =  0.94) 

1988 

10 

Y  =  0.437  X  -  0.83 

(r  =  0.94) 

1988 

5 

Y  =  0.299  X  -  0.28 

(r  =  0.83) 

Where    Y  =  Dry  Sediment  Weight  %   Juice  Weight 
X  =  Sediment  Volume  %   Juice  Volume 
Times  refer  to  centrifuging  time  at  maximum  speed 
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Dextran  Survey  1989 

Durriya  Sarkar 
Audubon  Sugar  Institute 

Louisiana  sugar  mills  keep  a  close  watch  on  dextran  in  sugar 
by  either  doing  the  Haze  analysis  in  their  laboratories  or 
sending  samples  to  independent  private  laboratories.  Some  mills 
do  a  composite  analysis  over  several  days.  Fifteen  of  the  twenty 
mills  have  sent  their  daily  dextran  data  for  this  survey.  One 
mill  also  reported  dextran  values  of  their  core  lab  juices  done 
by  the  AS I  II  method. 

Dextran  in  sugar  has  been  affected  by  the  weather  as  we  have 
seen  over  the  past  years.  This  year  too,  the  dextran  was  on  an 
average,  above  penalty  level  for  13  days  out  of  a  total  grinding 
season  of  91  days.  The  sugar  mills  in  the  Mississippi  River  area 
had  the  highest  levels  of  dextran  compared  to  the  Bayou  Lafourche 
and  the  Teche  areas. 

Figure  1  shows  the  average  dextran  in  sugar  for  Louisiana 
sugar  mills  plotted  versus  the  high  and  low  temperatures  for  the 
season.  A  horizontal  line  across  the  graph  indicates  50°  F. 
When  the  temperature  falls  below  this  line,  rainfall  is  not 
accompanied  by  high  levels  of  dextran  in  sugar  as  shown  in  figure 
2  (  a  plot  of  average  sugar  dextran  for  Louisiana  sugar  mills 
versus  average  rainfall  for  the  grinding  season  of  1989  )  . 
Figure  3  is  a  bar  graph  showing  the  number  of  days  above  penalty 
level  for  the  fifteen  individual  mills  for  1989. 
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AVERAGE  DEXTRAN  VS  HIGH  AND  LOW  TEMPERATURE 

LOUISANA,  £89  SEASON 
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AVERAGE  MILL  SUGAR  DEXTRAN  VS  AVERAGE  RAINFALL 

LOUISIANA,  1989  SEASON 
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DAYS  ABOVE  PENALTY  LEVEL  FOR  SUGAR  DEXTRAN 

LOUSIANA  SUGAR  MLLS,  1989 
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A  DEXTRANASE  FOR  THE  AMERICAN  SUGAR  INDUSTRY 
A  report  to  the  American  Sugar  Cane  League 

DONAL  F.  DAY 

Audubon  Sugar  Institute 

Louisiana  Agricultural  Experiment  Station 
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INTRODUCTION 

Leuconostoc  and  Bacterial  Gum  Formation 

Bacterial  polysaccharides  have  been  identified  as  a  problem  in  sugar 
processing  since  the  studies  by  Schleiber  (1874)  on  the  effects  of  slime 
production  on  beet  sugar  processing.  He  coined  the  term  dextran  for  those 
polysaccharides  which  blocked  filters  and  interfered  with  the  crystallization 
process  in  the  beet-sugar  industry.  Dextrans  are  polyglucans  characterized  by  a 

high  percentage  of  a  1-6  linkages.  They  can  vary  in  size  from  small  (soluble) 
polymers  to  extremely  large  (insoluble)  polymers  with  molecular  weights  in  the 
millions.  The  soluble  dextrans  cause  the  greatest  problem  in  sugar  processing. 
Dextrans  are  the  exclusive  metabolic  product  of  specific  bacteria  following 
growth  on  sucrose.  The  dextran  producers  are  confined  to  three  genera: 
Lactobacillus,  Leuconostoc  and  Streptococcus  (Sidebotham,  1974).  The  two 
most  common  species  involved  in  dextran  formation  in  sugar  mills  are 
Leuconostoc  mesenteroides  and  Leuconostoc  dextranicum  (Owen,  1949).  Only 
Leuconostoc  mesenteroides  has  been  found  in  sugar  refinery  products  (Kitchen, 
1984).  Although  a  wide  variety  of  linkages  are  found  in  dextrans,  those  dextrans 

isolated  from  sugar  juices  usually  contain  better  than  90%  a  1-6  linkages.  A 
detailed  review  by  Sidebotham  (1974)  discusses  the  origin  and  structure  of 
dextrans  produced  on  sucrose  substrates. 

Leuconostoc  mesenteroides  is  a  common  soil  inhabitant.  Its  association 
with  the  sugarcane  plant  normally  occurs  during  harvesting.  There  is  anecdotal 
evidence  that  dextran  problems  in  sugar  mills  increase  when  it  rains.  This 
occurs,  most  likely,  because  the  cane  is  laid  on  the  ground  during  harvesting.  If 
the  ground  is  wet  and  muddy,  it  will  coat  the  cane  stalks  with  mud,  enhancing  the 
chance  of  Leuconostoc  penetrating  damaged  portions  of  the  plant.  Infection  of 
the  cane  stalk  by  Leuconostoc  requires  prior  damage  to  the  plant  rind,  either  by 
storm,  burning,  insects  or  mechanical  means.  Upon  infection  of  the  plant,  the 
normal  factors  which  affect  the  rate  of  bacterial  growth  take  precedence  (i.e., 
temperature,  pH).  Practically,  this  means  there  must  be  minimum  delay  between 
harvesting  and  processing.  Infection  with  Leuconostoc  can  represent  severe 
economic  consequences,  well  beyond  just  the  sucrose  lost  to  microbial  growth, 
and  is  directly  attributable  to  the  presence  of  microbially  formed  dextrans. 

Not  only  is  dextran  brought  in  to  the  factory  with  damaged  sugarcane,  but 
during  sugar  manufacture,  the  walls  of  the  sugar  processing  equipment  can 
become  coated  with  a  thick  biofilm.  These  biofilms  are  almost  pure  Leuconostoc 
cultures  (personal  observation).  The  films  continuously  shed  dextrans  into  the 
passing  process  streams.  Processing  problems  associated  with  dextran  include 
increased  juice  viscosity  (Geronimos  and  Greenfield,  1978),  poor  clarification 
(James  and  Cameron,  1971)  and  crystal  elongation  (Covacevich  et  al.  1977). 
Dextran's  most  damaging  effect  is  seen  during  crystal  growth.  Sugar  crystals 
grown  in  the  presence  of  dextran  become  elongated  and  can  be  lost  to  the 
molasses.  Dextran  formation  and  crystal  elongation  not  only  reduce  the  crystal 
growth  rate  but  also  increase  the  formation  of  false  grain.  Crystal  elongation  is 
particularly  noticeable  in  the  low  grade  boilings.  Low  grade  massecuites  (a 
mixture  of  sugar  crystals  and  their  mother  liquor)  containing  significant 
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concentrations  of  dextran  are  difficult  to  centrifuge  and  show  high  sugar  losses 
to  the  final  molasses.  Magmas  made  from  this  sugar  are  poor  footings  for 
commercial  sugar  production.  The  end  result  is  a  reduction  of  both  factory 
capacity  and  sugar  recovery.  More  recently  the  presence  of  dextran  in  raw  sugar 
has  also  become  a  quality  point  in  sugar  contracts.  Reductions  are  made  in  the 
purchase  price  of  raw  sugar  for  dextran  in  excess  of  200  ppm  on  solids. 

Dextran  is  synthesized  by  the  action  of  the  enzyme  dextransucrase  (EC 
2.4.15)  on  sucrose  (Robyt  and  Eklund,  1983).  This  enzyme  has  been  extensively 
studied  over  the  past  forty  years;  yet,  relatively  little  is  known  about  the 
regulation  of  its  production  (Lawford  et  al,  1979).  Dextransucrase  hydrolyzes 
sucrose  into  glucose  and  fructose  and  concurrently  transglycosylates  the 
glucose  into  a  polymer  chain.  The  bacteria  utilize  the  fructose  as  a  carbon 
source.  Dextransucrase  is  an  inducible  enzyme  produced  only  when  the 
organism  grows  on  sucrose  (Neeley  and  Nott,  1962).  The  enzyme  is  not  thought 
to  be  subject  to  catabolite  repression. 

Different  strains  of  L.  mesenteroides  produce  dextrans  with  different 
properties.  A  given  strain  produces  a  dextran  with  a  given  percentage  of  a  1-6 

linkages  in  the  polymer,  as  well  as  a  specific  percentage  of  branch  points  (a  1-3 
linkages),  molecular  weight  ranges  and  specific  rotation  values.  The  molecular 
differences  in  dextrans  influence  the  solubility:  for  any  given  size,  the  greater  the 

content  of  (a  1-6)  the  greater  the  solubility  and  conversely,  the  greater  the 
content  of  1-3  linkages  the  less  the  solubility.  The  dextrans  isolated  from  sugar 
juices  obtained  from  raw  sugar  mills  have  approximately  90  %  a- 1-6  linkages 
and  fall  into  two  distinct  molecular  weight  classes  (Saska  and  Oubrahim,  1987). 
They  are  a  high  molecular  weight  (1  x  10&)  and  low  molecular  weight  polymer 
(1x105). 

Studies  have  indicated  that  dextranase  (EC  3.2.1.11,  a-1,6-glucan  6- 
glucanhydrolase)  can  be  useful  in  treating  dextran-contaminated  sugar 
products  (Barfoed  and  Mollgaard,  1987;  Fulcher  and  Inkerman,  1976;  Inkerman 
and  Riddell,  1977;  Inkerman  and  James,  1976).  This  enzyme  is  used  both  in 
sugarcane  processing  and  in  dental  plaque  removal  (Koenig  and  Day,  1988). 
Commercial  sources  of  dextranase  are  species  of  Penicillium  (Novo,  1977)  and 
Chaetomium  (Miles,  1983).  Dextranase  is  not  available  to  the  American  Sugar 
Industry  because  neither  of  these  commercial  enzymes  have  been  FDA 
approved.  Lipomyces  starkeyi,  an  ascosporogenous  yeast,  also  produces  a 
dextranase  (Eneis,  1970;  Webb  and  Spencer-Martins,  1983).  This  yeast  does 
not  produce  antibiotics  or  toxic  metabolites  and  is  used  in  food  related 
applications.  These  characteristics  increase  the  potential  for  FDA  approval  for 
this  dextranase.  We  have  developed  a  simple  fermentation  system  for 
producing  this  dextranase  (Koenig  and  Day  1988b)  and  have  also  developed  a 
range  of  mutants  constitutive  for  enzyme  production.  Most  of  the  production 
work  was  conducted  before  the  isolation  of  constitutive  strains  and  utilized  an 
inducer.  Dextran,  the  normal  inducer,  is  a  relatively  expensive  carbon  source  for 
large  scale  fermentations.  With  that  in  mind  we  established  conditions  which 
would  minimize  the  cost  of  the  inducer  for  producing  enzyme  using  a 
derepressed  mutant  of  L.  starkeyi  grown  on  glucose.  It  is  now  possible  to 
produce  the  enzyme  without  using  any  dextran,  greatly  changing  the  economics 
of  the  process. 
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The  Lipomyces  enzyme  was  purified  and  characterized.      The 
characteristics  of  this  enzyme  are  compared  to  those  of  the  Lipomyces 
dextranase  reported  by  Webb  and  Spencer-Martins  (1983)  and  of  the 
commercially  available  dextranases  from  Chaetomium  and  Penicillium . 

The  Lipomyces  enzyme  was  produced  in  sufficient  quantity  to  conduct 
field  trials  and  demonstrate  its  effectiveness  in  sugar  mills.  This  report 
summarizes  the  results  of  the  research  program  that  led  to  the  development  of 
this  enzyme.  The  author  hopes  that  eventually  this  process  will  achieve 
commercial  status  and  will  be  of  help  to  the  Louisiana  sugar  industry. 

METHODS  AND  MATERIALS 

Organism  and  Medium:  Stock  cultures  of  Lipomyces  starkeyi  (ATCC 
20825),  a  mutant  derepressed  for  dextranase  derived  from  L.  starkeyi  ATCC 
12659,  were  maintained  at  room  temperature  on  a  minimal  salts  medium  (WW- 
Dex)  containing  2-deoxy  glucose  (0.5  g/l  w/v).  WW-Dex  consisted  of:  10  g/l 
Dextran  (40,000,  Sigma  Chemical  Co.,  St.  Louis,  MO),  2.5  g/l  KH2PO4,  5.0  g/l 
(NH4)2S04,  0.1  g/l  CaCl2,  0.1  g/l  MgS04,  and  0.1  g/l  NaCI.  The  pH  was 
adjusted  to  the  appropriate  level  after  sterilization  (normally  pH  4.5).  WW-Glu  is 
of  the  same  salts  composition  as  WW-Dex,  however  10  g/l  of  glucose  is 
substituted  for  the  dextran. 

Induction  of  the  Derepressed  Mutant:  Inducer  studies  for  dextranase 
utilized  resting  cell  cultures.  The  derepressed  mutant  (ATCC  20825)  was  grown 
to  mid-log  in  shake  flasks  containing  600  ml  WW-Glu.  Cells  harvested  by 
centrifugation  (3000  x  g)  were  washed  three  times  with  WW  medium  (salts  but 
no  carbon  source),  concentrated  10  X  and  resuspended  in  0.1%  (w/v)  of  the  test 
inducer  plus  0.1%  (w/v)  glucose.  The  volume  was  adjusted  to  5.0  ml  (final 
concentration  1.5  x  10**  cells/ml).  These  cultures  were  incubated  at  27  °C  in 
250  x  50  mm  cotton  stoppered  tubes  which  were  sparged  through  pasteur 
pipettes.  Normally  cultures  were  incubated  for  12  hrs  before  dextranase  activity 
and  cell  concentrations  were  measured. 

Determinations  of  cell  age  on  induction  potential  used  resting  cell 
cultures.  L.  starkeyi  (ATCC  20825)  was  grown  in  a  30  L  New  Brunswick 
Scientific  Co.  fermentor  containing  20  L  of  WW-glu  held  at  pH  3.0,  at  27  °C. 
Agitation  was  200  rpm,  and  the  aeration  rate  was  one  liter/min  per  liter  volume. 
Cells  were  harvested  at  fixed  intervals  during  growth,  and  induction  studies 
were  conducted  as  described  above.  Resting  cell  cultures  were  challenged  with 
0.1%  (w/v)  inducer  plus  0.1%  (w/v)  glucose,  as  described  previously. 

A  series  of  500  ml  fermentations  were  conducted  in  order  to  determine 
the  point  of  inducer  addition  for  maximum  yields.  The  organism  was  grown  in 
WW-glu,  pH  3.0,  27  <>C.  Dextran  (35,000)  was  added  to  the  culture  at  either 
0.1%  (w/v)  or  0.2%  (w/v)  at  given  stages  of  growth.  The  cultures  were  then 
allowed  to  reach  stationary  phase  (84  h)  and  the  dextranase  activity  was 
determined. 

Enzyme  and  Protein  Assays:.Dextranase  was  assayed  by  a  modification  of 
the  method  of  Webb  and  Spencer-Martins  (1983).  Enzyme  preparations  were 
incubated  with  2.0%  (w/v)  Dextran  T-2000  (Pharmacia)  in  0.05M  citrate- 
phosphate  pH  5.5  at  50  °C  for  10-30  min.  Activity  was  determined  from  the  rate 
of  increase  in  reducing  sugar  as  measured  by  the  3,5-dinitrosalicylic  acid 
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method  (Sumner,  1924).  One  unit  (IU)  of  dextranase  is  defined  as  the  amount  of 
enzyme  which  liberates  1  umole  of  glucose  equivalents  in  one  minute  under  the 
described  conditions.  Protein  was  determined  by  the  method  of  Lowry  et  al. 
(1951). 

Reagents:  Dextran  T-2000  (Mr:  2  x  106),  T-500  (Mr:  5  x  105),  T-70  (Mr:  7  x 
104),  T-40  (Mr:  4  x  104),  and  T- 10  (Mr:1  x  104)  were  purchased  from  Pharmacia 
Fine  Chemicals  AB,  Sweden.  The  CM-Sepharose  was  obtained  from  the  Sigma 
Chemical  Co.  (St.  Louis,  Mo.)  and  the  A-0.5m  agarose  from  BioRad,  Corp. 
Dextran  used  in  the  production  of  enzyme  was  industrial  grade  (Mr:  5  -  40  x 

10$)  from  Sigma  Chemical  Company.  The  isomaltooligosaccharides  used  to 
calibrate  the  HPLC  were  a  gift  of  Dr.  F.  Paul,  BioEurope,  Ltd.,  Toulouse,  France. 
All  other  reagents  were  analytical  grade. 

Dextranase  purification:  Lipomyces  starkeyi  (ATCC  20825)  was  grown  as 
previously  described  (13,14,9).  Culture  supernate  was  concentrated  from  20 1  to 
500  ml  using  a  10,000  cut  off  stacked  membrane  (Pelican,  Millipore  Co.). 
Protein  and  enzyme  activity  were  monitored  throughout  the  course  of  the 
purification. 

A  CM-Sepharose  column  (75  cm  x  1.5  cm)  was  equilibrated  with  0.02  M 
potassium  phosphate  (pH  6.0).  The  crude  concentrate  (9  mg  protein/ml)  was 
applied  to  the  column.  The  enzyme  was  desorbed  by  elution  with  0.5  M.  NaCI, 
and  active  fractions  were  pooled.  The  pooled  fractions  were  concentrated  on  a 
10,000  cut  off  membrane  in  an  ultrafiltration  apparatus  (Amicon  Co.). 

A  descending  flow  (10.44  cm/h)  agarose  A-0.5m  column  (75  cm  x  1.5  cm) 
was  prepared  and  equilibrated  with  0.05  M  citrate-phosphate  (pH  5.5)  plus  0.15 
M  NaCI.  The  concentrated  CM-Sepharose  fraction  was  applied  to  the  column 
(1.6  mg  protein/ml).  The  fractions  with  activity  were  pooled  and  concentrated. 
This  was  the  preparation  used  for  allstudies  reported  in  this  paper. 

For  comparison,  dextranase  was  purified  by  the  method  of  Webb  and 
Spencer-Martins  (1983). 

Gel  electrophoresis:  Analytical  slab  electrophoresis  was  run  by  the  method 
of  Laemmli  (1970),  in  7.6%  SDS-polyacrylamide  gels,  at  least  10  mg  of  protein 
sample  added  to  each  well.  A  standard  mixture  of  proteins  of  known  molecular 
weight  (Sigma  Chemical;  SDS-6H  containing;  Carbonic  anhydrase,  Egg 
Albumin,  Bovine  Albumin,  Phosphorylase  B  from  rabbit  muscle,  8-D- 
Galactoside  galactohydrolase  from  E.  coli,  Myosin  from  rabbit  muscle)  was  used 
as  a  reference  for  determination  of  the  apparent  molecular  weight.  The  gels 
were  subject  to  electrophoresis  at  60  volts  until  the  tracking  dye  migrated  to  the 
bottom  of  the  stacking  gel.  The  voltage  was  then  raised  to  120  volts  and  the 
electrophoresis  was  allowed  to  proceed  until  the  tracking  dye  was  within  3  mm 
of  the  bottom  of  the  gel.  The  gels  were  fixed  for  two  hours  in  25%  (vol/vol) 
isopropanol  and  10%  (vol/vol)  acetic  acid  then  stained  with  Coomassie  blue  R- 
250  for  18  hours.  The  gels  were  destained  electrophoretically  and  scanned 
with  a  Ephotec/Joyce  Loebl  densitometer  at  530  nm  with  an  aperature  setting  of 
0.05  mm  x  3.0  mm  to  detect  protein. 

isoelectric  Focusing:. Isoelectric  focusing  was  performed  using  precast 
IsoGel  agarose  isoelectric  focusing  plates,  pH  5.0  -  8.5  (FMC  Bioproducts, 
Rockland,  Maine).  Plates  were  prepared  and  processed  as  recommended  by 
the  manufacturer.  A  standard  mixture  of  proteins  (Serva  Chemical;  Test  Mix  9) 
was  applied  in  the  lane  next  to  each  sample.  Protein  profiles  were  quantitated 
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by  densitometer  scans  as  previously  described.  The  enzyme  activity  of  the  gel 
was  determined  by  slicing  an  unstained  gel  into  0.9-mm  sections.  Each  section 
was  placed  in  a  test  tube  with  1.0  ml  0.05  M  citrate-phosphate  (pH  5.5)  buffer, 
allowed  to  elute  overnight  at  4  °C  and  assayed  for  enzyme  activity. 
Determination  of  the  relative  molecular  mass:.  A  down  flow  gel  filtration 
column  (75  cm  x  1.5  cm,  1 15  ml  bed  volume)  was  prepared  of  agarose  A-0.5m 
(BioRad).  The  gel  was  equilibrated  with  0.02  M  potassium  phosphate  buffer  (pH 
7.0)  containing  0.17  M  NaCI.  The  flow  rate  was  0.38  ml/minute.  The  column  was 
standardized  with  BioRad  gel  filtration  standards  containing  the  following 
proteins;  Thyroglobulin,  g-Globulin,  Ovalbumin,  Myoglobin,  and  Vitamin  B-12 
(total  protein  18  mg).  Using  the  absorption  at  280  nm  to  identify  the  protein 
peaks,  a  plot  of  A280  versus  the  fraction  number  was  used  for  calculating  the 
elution  volumes  of  the  different  protein  species.  The  dextranase  peak  was 
identified  by  enzyme  assay.  The  apparent  molecular  weight  was  also 
determined  by  SDS-PAGE. 

Determination  of  carbohydrate  content:. Enzyme  (1  mg)  was  dialyzed 
overnight  against  500  ml  of  6  M  urea  followed  by  3  changes  (4  I  each)  of 
deionized  water.  The  carbohydrate  was  determined  by  the  phenol-sulfuric  acid 
method  (Dubois  et.  al.1956)  and  the  protein  by  the  method  of  Lowry  et  al. 
(1951). 

Lectin  reactivity:. The  enzyme  was  tested  for  retention  on  a  lectin  support  as 
described  by  Montreuil  et  al.  (1986).  Concanavalin-A  (Con-A)  Sepharose 
(Sigma  Chemical),  Lens  culinaris  (Lentil)  Sepharose  (Sigma  Chemical),  and 
Wheat  germ  Sepharose  (Sigma  Chemical)  were  all  tested.  Each  support  was 
prepared  and  equilibrated  as  previously  described.  Pure  enzyme  (500  IU)  was 
applied  to  each  column  and  the  activities  in  the  void  volumes  determined. 
Various  elution  conditions  were  used  to  remove  the  enzyme  from  the  support. 
The  ability  of  the  enzyme  to  bind  and  the  conditions  required  to  desorb  were 
compared  for  the  three  supports  and  the  relative  reactivities  to  the  lectins 
determined. 

Effect  of  pH  and  temperature  on  enzyme  activity  and  stability:. The 
pH  optimum  was  determined  using  the  standard  dextranase  assay  at  50  °C 
with  a  10  min  incubation  time.  The  pH  of  the  substrate  solutions  covered  a 
range  from  pH  2.5  to  7.0  in  intervals  of  0.5  pH  units.  The  pH  of  the  reaction 
mixture  was  was  unchanged  after  the  assay. 

To  determine  the  stability  of  dextranase,  stock  enzyme  was  diluted  with 
0.05  M  citrate-phosphate  and  adjusted  to  the  desired  pH  (between  pH  2.5  and 
8.0).  The  solutions  were  incubated  at  25  °C  for  72  hours.  The  activity  of  each 
reaction  mixture  was  assayed  every  24  hours.  A  plot  of  relative  activity  at  each 
pH  versus  time  of  incubation  was  used  to  determine  the  pH  stability. 

The  temperature  optimum  was  determined  using  the  standard 
dextranase  assay  at  various  temperatures.  A  plot  of  the  relative  activity  versus 
incubation  temperature  was  used  to  determine  the  temperature  optimum.  The 
temperature  stability  was  determined  by  incubating  the  enzyme  at  specific 
temperatures  for  specific  time  intervals  (0,  5,  10  and  20  minutes  respectively) 
then  measuring  dextranase  activity.  A  plot  of  relative  activity  at  each 
temperature  versus  time  of  incubation  was  used  to  determine  the  temperature  at 
which  the  enzyme  was  the  most  stable. 
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Effect  of  carbohydrates,  salts,  and  inhibitors  on  activity:  Up  to  50  mM 

of  various  carbohydrates  (Sigma  Chemical)  were  included  in  standard  assays 
in  order  to  determine  their  effect  on  enzyme  activity.  Stock  solutions  of  selected 
salts  and  enzyme  inhibitors  were  prepared  in  0.05  M  sodium  acetate  (pH  5.5).  A 
100  ml  aliquot  of  suitably  diluted  test  solution  was  added  to  5  ml  of  enzyme 
containing  850  ml  of  0.05  M  sodium  acetate  (pH  5.5)  at  50  °C  and  incubated  for 
5  minutes,  at  which  time  1.0  ml  of  4.0%  dextran  T-2000  in  0.05  M  sodium 
acetate  (pH  5.5),  preincubated  at  50  °C,  was  added.  Activity  was  determined  as 
previously  described. 

End  product  analysis:. Enzyme  (200  IU)  was  incubated  with  400  ml  of  2% 
dextran  T-2000  at  40  °C,  pH  5.5.  Samples  (10  ml)  were  taken  at  various  time 
intervals  and  boiled  for  5  min  to  stop  the  reaction.  Samples  were  then  filtered 
through    a   0.22   micron   membrane    and    assayed   by   HPLC   for  the 
oligosaccharide  content. 

The  High  Performance  Liquid  Chromatograph  (HPLC)  used  was  a 
Varian  Vista  5500  with  a  refractive  index  detector  linked  to  a  Varian  4270 
integrator  for  data  acquisition.  The  column  employed  for  separations  was  a 
Rainin    NH2-Dynamax    60A.    The    HPLC    conditions    were:    solvent; 

acetonitrile:water  (1:1),  column  temperature;  25  °C,  flow  rate;  1.00  ml/min, 
column  pressure;  52  atm,  with  a  20  ml  sample  injected.  The 
maltooligosaccharide  series  DP  1-DP  7  (Sigma  Chemical)  were  used  as 
external  calibration  standards.  A  comparison  of  the  malto-series  to  the  isomalto- 
series  was  performed.  No  differences  were  observed  in  detector  responses. 
Enzyme  Preparation:  Dextranase  was  produced  in  a  500  I  fermentor  as 
described  in  US  Patent  6,943,328.  The  enzyme  was  processed  by  first 
removing  the  yeast  cells  from  the  fermentation  broth,  then  concentrating  the 
broth  to  a  final  activity  of  260  lU/ml. 

Sugar  Juice  Testing:  Laboratory  scale-  Fresh  mixed  juice  was  spiked  with 
dextran  such  that  the  final  concentration  of  dextran  was  at  least  25,000  ppm/Bx. 
Enzyme  was  added  and  at  various  time  intervals  the  reaction  stopped  by 
alcohol  precipitation.  Dextran  was  quantitated  by  either  the  alcohol  Haze 
method  (Keniry  et  al,  1967)  of  the  enzymatic  AS  I  -II  method. 

Pilot  Scale-  Two  slings  of  cane  (2.9  metric  tons)  were  obtained  from  the 
LSU  Agricultural  Research  Station  at  St.  Gabriel,  La,  and  2000  I  of  mixed  juice 
was  produced.  Sufficient  dextran  (Sigma,  industrial  grade)  was  added  to  make 
the  juice  approximately  10,000  ppm/Bx.  Enzyme  was  added  to  one  half  of  this 
juice  such  that  the  final  concentration  equaled  0.28  lU/ml.  The  dextranase 
treated  juice  stood  for  one  hour  at  27oC,  pH  5.6  prior  to  clarification. 
Dextranase  treated  and  untreated  juices  were  processed  to  produce  A  strike 
sugars. 

RESULTS 

PRODUCTION  SYSTEM 

Determination  of  Inducer:  Series  of  alpha  1,6  and  beta  1,4 
oligosaccharides  were  screened  to  determine  which  were  the  most  efficient  at 
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inducing  dextranase.  A  listing  of  those  which  tested  positive  and  their  relative 
abilities  to  induce  dextranase  is  given  below. 


Compounds  that  Induce  Dextranase  Production 

Compound  Induction  Index1 

Dextran  100 

Isomaltopentaose  57 

Isomaltotetraose  39 

Isomaltotriose  73 

Isomaltose  21 

1-a-Methyl  glucopyranoside  68 

1-B-Methyl  glucopyranoside  219 

Glucose  0 


1.  Dextran  induced  cells  equal  100.  Determined  after  12  hr  incubation  with 
0.1%  (w/v)  inducer  plus  0.1%  (w/v)  glucose. 

The  following  compounds  did  not  induce  dextranase  in  ATCC  20825:  citrate, 
dextrin,  amylose,  inulin,  melibiose,  sorbose,  cellobiose,  starch,  panose, 
maltoheptose,  melizitose,  maltohexaose,  maltopentaose,  maltose,  stachyose, 
maltotriose,  maltotetraose,  2-deoxyglucose,  a-methyl-mannopyranoside,  1-0- B- 
methyl-galactopyranoside,  1-0-a-methyl-galactopyranoside,  3-0-methyl- 
glucopyranoside  and  glucose. 

It  was  apparent,  and  unexpected,  that  1-B-methyl  glucopyranoside  (BMG) 
was  the  best  inducer  of  dextranase.  As  was  expected  the  alpha-1,6 
oligosaccharides  acted  as  inducers.  Isomaltopentaose,  isomaltotriose,  and  1-a- 
methyl-glucopyranoside  (AMG)  induced  dextranase  to  approximately  65%  the 
level  of  dextran  induction.  Isomaltotetraose  and  isomaltose  were  poor  inducers 
of  dextranase. 

Effect  of  exposure  time  to  inducer:  The  length  of  exposure  time  to  the 
inducer  affected  the  amount  of  dextranase  produced.  Eight  hours  post-addition, 
cells  exposed  to  any  of  the  test  inducers  produced  identical  levels  of  enzyme 
(Fig  1)  however  BMG  induced  cells  continued  to  produce  enzyme  for  another  3 
h  whereas  both  AMG  and  dextran  induced  cells  ceased  production. 
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Figure  1 .        Time  course  of  dextranase  induction.  Procedures  as  described 
in  text.  Inducers  tested:  Dextran  ( ),  6-methyl  glucopyranoside  ( ) 
and  a-methyl  glucopyranoside( ). 


Saturation  level  of  inducer:  The  level  of  inducer  required  to  obtaining  the 
maximum  rate  of  dextranase  production  was  the  same  for  AMG,  BMG,  and 
dextran,  approximately  1  mg/ml  of  inducer  for  every  2.0  x  10^  cells  (Fig  2). 
However,  the  total  amount  of  enzyme  produced  varied. 
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Figure  2.        Effect  of  inducer  concentration  on  the  amount  of  dextranase 

produced,  incubation  period  12  hr.  Inducers  tested:  Dextran  ( ),  B- 
methyl-glucopyranoside  ( ),  and  a-methyl  glucopyranoside( ). 

Effect  of  cell  age  on  induction  potential:  The  age  of  the  culture  had  a 
direct  influence  on  the  amount  of  enzyme  produced  by  the  yeast  (Fig  3). 


Figure  3. 
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Effect  of  culture  age  upon  induction  potential.  Cells  were 
harvested  at  various  time  points  during  growth  ( )  then  used  in 
resting  cell  culture  determinations  of  dextranase  activity.  Activity 
was  measured  12  hr.  post-exposure  to  the  following  inducers: 
Dextran  ( ),  B-methyl  glucopyranoside  ( )  and  a-methyl 
glucopyranoside  ( ). 


The  younger  the  culture  the  more  enzyme  produced  per  cell.  Although  it  was 
apparent  that  young  cells  had  the  highest  specific  production,  it  was  not 
apparent  where  the  optimum  point  of  inducer  addition  was  to  maximize 
dextranase  production.  A  series  of  batch  fermentations  experiments  were 
conducted  to  determine  the  optimal  induction  point.  Two  concentrations  of 
dextran  were  tested,  0.1%  (w/v)  and  0.2%  (w/v),  added  at  various  times  in  the 
culture  growth  cycle  and  dextranase  level  was  measured  at  the  end  of  each 
fermentation.  The  point  of  inducer  addition  was  critical  for  maximizing  the 
amount  of  dextranase  produced  and  minimizing  the  amount  of  inducer  required. 
Cells  induced  in  the  late  exponential  phase  of  growth  (8.  x  10**  cells/ml) 
produced  the  most  dextranase  (Fig  4)  although  the  highest  specific  production 
was  from  young  cells.  There  were  only  minor  differences  in  the  amount  of 
enzyme  obtained  by  doubling  the  amount  of  inducer  added  at  this  point. 


258 


12   . 


8. 


(0 

i- 

c 
o 
o 
c 
o 
O 


0> 

O 


10    . 


I 


B 


r 


r~ 


I 


; 


/ 


•-•% 


20 


40 


■ 
60 


I-     8 


-     6 


-      4 


D 
(D 

H      2       - 

0) 
3 
fi) 
(/) 
O 


-      5 


80 


Time  (hours) 

Figure  4.        Enzyme  activity  versus  time  of  induction  and  cell  concentration.  A. 

Inducer,  0.1%  (w/v)  dextran.  B.  Inducer,  0.2%  dextran.  Vertical  bars  are 
placed  at  the  time  of  inducer  addition.  Their  values  indicate  the  level  of 
dextranase  detected  84  hr  post-inoculation  in  batch  fermentors. 
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ENZYMOLOGY 

Enzyme  purification 

A  five-step  purification  protocol  was  required  to  purify  dextranase  from 
Lipomyces  starkeyi  (ATCC  20725).  The  concentration  steps,  2  and  4,  were 
conducted  for  ease  of  handling.  Two  other  steps  (not  numbered)  are  shown 
below,  one  which  involves  the  dialysis  of  the  CM-Sepharose  fraction  (step  3) 
and  another  which  uses  isopropanol  precipitation  to  purify  crude  enzyme  from 
step  2,  a  technique  described  by  Webb  and  Spencer-Martins 

.  Purification  of  Lipomvces  starkeyi  dextranase. 

Total  Total  Activity  Specific         Fold 

Procedure     protein  activity  yield  activity        purif. 

(step)  (mg)  (IU)  (%)  (lU.mg) 


1 .  Clarified     ' 

1 740 

55600 



32 



broth 

2.  1 0K  Cone. 

1718 

55375 

99.6 

32 

1.0 

3.  CM-Seph. 

148 

55044 

99.0 

372 

11.6 

4.  1 0K  Cone. 

148 

55044 

99.0 

372 

11.6 

5.  A-0.5m 

28 

38767 

70.0 

1385 

43.3 

Dialysis  of 

CM-Seph 

148 

29524 

53.1 

199 

6.2 

IPAprecip.  of 

clarified  broth 

378 

55025 

99.0 

146 

4.5 

The  crude  enzyme  fraction  (step  1 )  showed  a  single  activity  peak,  as 
determined  by  A-0.5m  column  chromatography,  with  an  estimated  molecular 
weight  of  68,000.  Five  protein  peaks  were  resolved  by  A-0.5m  chromatography 
Cation  exchange  chromatography  (step  3),  gave  a  12-fold  purification  with  no 
appreciable  loss  of  enzyme.  Subsequent  dialysis  of  this  fraction  against  0.02  M 
potassium  phosphate  buffer  produced  a  shift  of  both  protein  and  activity  profiles 
as  separated  by  the  A-0.5m  column.  The  enzyme  was  found  in  numerous  peaks 
ranging  from  68,000  to  to  the  void  volume  (>700,000).  The  enzyme  found  in  the 
void  volume  (>700,000)  appeared  to  be  an  aggregate.  It  was  only  possible  to 
dissociate  this  aggregate  with  SDS  treatment.  SDS  dissociated  the  aggregate 
to  the  68,000  form,  but  irreversibly  inactivated  the  enzyme. 

A  single  protein  and  activity  peak  were  obtained  by  fractionation  of  the 
CM-Sepharose  preparation  on  a  A-0.5m  gel  filtration  column.  This  was  the 
enzyme  fraction  used  for  all  the  kinetic  and  physical  protein  determinations. 

Isopropanol  precipitation  by  the  method  of  Webb  and  Spencer-Martins 
was  used  to  purify  dextranase  from  ATCC  20825  but  produced  only  a  5  fold 
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Figure  5.        Effect  of  pH  on  dextranase  activity. 
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Relative  activity 


Figure  6.        Effect  of  pH  on  dextranase  stability.  pH  2.5  (open  boxes), 

3.0  (closed  diamonds),  4.0  (closed  squares),  5.0  (open  diamonds), 
6.0  (closed  rectangles),  7.0  (open  boxes),  8.0  (closed  triangles). 
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Figure  7.        Effect  of  temperature  on  dextranase  activity. 
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Figure  8.         Effect  of  temperature  on  dextranase  stability. 

Temperature:  30  °C  (open  boxes  with  dot),  40  °C  (closed 
diamonds),  50  °C  (closed  boxes),  60  °C  (open  diamonds). 
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increase  in  specific  activity.  This  preparation  was  not  electrophoretically  pure 
(data  not  shown).  The  apparent  molecular  weight  by  gel  chromatography  of  the 
active  fraction  was  the  same  as  observed  previously  (68,000). 

Molecular  weight  determination. 

The  relative  molecular  mass  of  purified  dextranase,  by  gel 
chromatography  (A-0.5m),  was  calculated  to  be  68,000.  The  dextranase  on 
SDS-PAGE  (7.6%)  fractionated  into  four  protein  bands  with  molecular  weights 
of  74,000,  71,000,  68,000  and  65,000,  respectively.  Lipomyces  dextranase.  in 
the  native,  nondenatured  state,  interacted  with  poly acryl amide,  making  normal 
acrylamide  electrophoresis  unreliable.  Reactivation  of  the  SDS  treated  enzyme 
was  not  possible. 

Isoelectric  focusing. 

To  demonstrate  that  the  four  bands  appearing  on  SDS-PAGE  were 
dextranase,  the  purified  enzyme  was  fractionated  by  agarose  isoelectric 
focusing  (IEF).  This  method  separated  the  protein  mixture  into  five  isoelectric 
bands.  All  five  forms  were  found  to  have  dextranase  activity  and  exhibited  the 
same  Km  values. 

Carbohydrate  composition 

The  purified  dextranase  was  found  to  contain  8%  carbohydrate  by 
weight.  This  glycoprotein  was  tested  for  its  reactivity  to  lectins  and  was  found  to 
bind  very  strongly  to  Concanavalin-A  (Con-A),  weakly  to  Lens  culinahs 
agglutinin,  and  not  at  all  to  Wheat  germ  agglutinin 

Effect  of  pH  and  temperature  oh  activity  and  enzyme  stability. 

Dextranase  was  found  to  exhibit  its  highest  activity  at  pH  5.0  (Figure  5). 
The  enzyme  was  very  stable  between  pH  2.5  and  6.0.  There  was  a  dramatic 
loss  of  activity  after  30  hours  of  exposure  to  a  pH  above  7.0  (Figure  6). 

This  enzyme  was  found  to  exhibit  optimum  activity  at  50  °C  (Figure  7). 
dextranase  was  very  stable  between  30  and  40  °C.  All  activity  was  lost  after  5 
min  exposure  to  60  °C  (Figure  8). 

Effect  of  carbohydrates,  salts  and  enzyme  inhibitors  on  activity. 

None  of  the  carbohydrates  tested  had  any  effect  on  enzyme  activity.  The 
following  carbohydrates  were  added  to  the  assay  mixture  at  a  concentration  of 

10  mM;  glucose,  2-deoxyglucose,  cc-methyl-glucopyranoside,  B-methyl- 
glucopyranoside,  maltose,  maltotriose,  maltotetraose,  isomaltose, 
isomaltotriose,  mannose,  a-methyl-D-mannoside  and  stachyose. 

Various  salts  were  included  in  the  assay  mixture  to  determine  their 
effects  on  activity  .  The  citrate-phosphate  buffer  was  replaced  by  sodium  acetate 
to  prevent  chelation  of  the  ions;  otherwise  the  assays  were  conducted  as 
described  in  the  materials  and  methods. 
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Effect  of  salts  on  dextranase  activity1 


Salt 


ntration  (mM] 

I           Relative  activity 

11.40 

51 

0.11 

101 

13.90 

48 

0.14 

83 

1.39 

20 

0.14 

78 

1.10 

60 

0.11 

89 

0.13 

7 

1.45 

19 

0.14 

30 

1.36 

0 

0.14 

30 

1.00 

0 

15.00 

66 

0.15 

96 

15.00 

66 

0.15 

95 

11.10 

14 

0.11 

89 

1.24 

8 

0.12 

52 

BaCl2 

CaCl2 

CdCl2 

C0CI2 

CuS04 
FeCl2 

FeS04 

HgCl2 
MnCl2 

MgS04 

NiCl2 

ZnS04 


1  Reported  as  percent  activity  recovered  after  incubation  of  the  enzyme  with  the 
salt  at  50  °C  for  5.0  minutes 
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The  following  salts  showed  no  inhibition  at  the  15  mM  concentration;  NH4CI, 
KCI,  NaCI  and  NaF.  Mercuric  chloride  (1mM  completely  inactivated 
dextranase).  2-Mercaptoethanol  (5%)  restored  enzyme  activity  . 

Enzyme  inhibitors  were  tested  at  different  concentrations,  and  their 
effects  are  listed  below. 


.  Effect  of  enzyme  inhibitors  on  dextranase  activity1 


Inhibitor 


Concentration         Relative  Activity(%) 


Control 

— 

100 

EDTA2 

5  mM 

103 

Dithiothreitol 

5  mM 

100 

2-Mercaptoethanol 

5% 

103 

HgCI  +  2-Mercaptoethanol 

1.0mM  +  5% 

131 

Glutathione 

125  mM 

100 

Guanidine-HCL 

547  mM 

13 

274  mM 

61 

50  mM 

103 

Urea 

547  mM 

36 

274  mM 

77 

50  mM 

99 

Sodium  m-periodate 

5  mM 

15 

SDS4 

0.5  % 

0 

0.05  % 

46 

Triton  X- 100 

0.25% 

99 

0.025% 

100 

SDS  + Triton  X-1003 

0.5%  +  0.25% 

80 

0.05%  +  0.025% 

122 

1 .  Reported  as  percent  activity  recovered  after  incubation  of  enzyme  with 

inhibitor  at  50  °C  for  5.0  minutes, 

2.  Ethylenediaminetetraacetic  acid 
3  Combination  of  both  chemicals. 

EDTA,  dithiothreitol,  2-mercaptoethanol,  glutathione,  and  polyethylene  ester 
(Triton  X-100)  had  no  effect  on  enzyme  activity.  Sodium  dodecylsulfate  (SDS) 
inhibited  the  enzyme.  The  combination  of  Triton  X-100  and  SDS  overcame  the 
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inactivation.  Addition  of  Triton  X-100  after  SDS  exposure  did  not  reactivate  the 
enzyme.  Sodium  m-periodate  also  inactivated  the  enzyme. 

Reaction  end  products. 

The  end  products  of  the  reaction  were  found  to  be  typical  for  an 
endodextranase.  The  reaction  products  observed  after  26.5  h  of  incubation  of 
dextran  with  the  enzyme  are  given  below. 
End  Product  Analysis 

Carbohydrate  Percent  of  total 


Glucose 

0.8 

Isomaltose 

41.5 

Isomaltotriose 

34.9 

Isomaltotetraose 

2.7 

Isomaltopentaose 

0.0 

Higher  isomaltooligosaccharides 

20.1 

Carbohydrates  quantified  by  HPLC,  after  26.5  h  incubation  of  2.0%  T-2000  with 

0.7  lU/ml,  40  °C,  pH  5.5. 

isomaltotetraose  was  more  recalcitrant  to  enzymatic  hydrolysis  than  was 
isomaltopentaose.  The  final  products  of  the  reaction  were  isomaltotriose  and 
isomaltose.  Very  little  glucose  was  formed. 

SUGAR  MILL  USAGE 

Laboratory  and  Pilot  Scale  Testing 

The  optimum  temeprature  for  Lipomyces  dextranase  activity  in  cane 
juice  was  between  30  and  40  °C  (Table),  athough  there  was  a  significant 
amount  of  dextran  removes  (74%)  at  50  °C.  The  temperature  optimum  in  juice 
was  10  °C  lower  than  reported  values  for  both  the  Miles  Dextranex  and  the 
Novo  DN  25  L  Lipomyces  dextranase  does  exhibit  a  temperature  activity 
optimum  of  50  -60  °C  when  assayed  for  dextran  removal  in  a  defined  reaction 
mixture.  Hence  it  would  seem  that  there  was  a  deleterious  influence  on  the 
enzymatic  reaction  of  this  dextranase  associated  with  the  components  of  fresh 
cane  juice.  There  have  been  reports  of  enzyme  inhibitors  associated  with  mixed 
juice,  which  may  explain  the  decreased  temperature  optimum  observed. 

The  low  temperature  optimum  found  with  Lipomyces  dextranase  will  not 
be  a  problem  for  treating  cane  juice  prior  to  clarification  wince  the  temperature 
of  the  juice  is  rarely  above  40°C,  but  it  could  be  a  problem  for  the  treatment 
after  the  final  effect  evaporator  where  the  temperatures  are  usually  above  70 
°C. 

Figure  9  shows  a  typical  enzyme  response  curve,  with  the  rate  of  dextran 
removal  decreasing  as  the  dextranase  concentration  decreases.  As  expected, 
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Figure  9.        Effect  of  Lipomyces  dextranase  concentration  on  dextran  removal 
from  mixed  juice. 
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the  enzyme  works  at  a  constant  rate.  This  means  that  the  degree  of  removal  will 
be  time  and  enzyme  concentration  dependant.  From  this  data  we  were  able  to 
construct  an  enzyme  dose  calibration  to  fit  the  specific  situation 

ESTIMATED  DOSING  RATE 

Dextran  Reduction  by  1000  ppm/Brix 
15  Brix  Juice  Dose  Rate 

25  C  2  ppm 

20  Minute  holding  Time 

An  estimated  dosing  rate  of  2  ppm  enzyme  on  juice  was  required  to  remove 
1000  ppm/  Bx  dextran  in  mixed  juice  with  the  described  conditions. 

In  the  pilot  scale  mill  trial,  the  clarified  juice  showed  a  45%  decrease  in 
dextran  after  exposure  to  dextranse  for  one  hour 

DEXTRAN  REMOVAL  FROM  MIXED  JUICE 

(Dextran  as  ppm/Brix) 


Mixed  Juice  10052  ppm/Brix 

UNTREATED 

TREATED 

CLARIFIED 

10754 

6028 

SYRUP 

10540 

5714 

SUGAR 

3626 

1714 

SUGAR  (Haze 

Test) 

2240 

540 

Extrapolating  from  the  dose  calibration  curve  shown  in  Fig  10  a  22%  reductiuon 
in  dextran  was  to  be  expected  in  the  mill  trial.  Therefor  approximately  twice  as 
much  dextran  was  removed  as  was  expected.  This  could  be  due  to  differences 
in  lots  of  cane,  since  the  laboratory  and  pilot  mill  trials  were  harvested 
seperately.  In  fact  the  laboratory  test  cane  was  contaminated  with  dextran  prior 
to  milling,  the  mill  trial  cane  was  clean  (  no  detectable  dextran).  Furthurmore  the 
mud  content  was  very  high  in  the  laboratory  test  cane  juice  compared  to  the 
cane  juice  used  in  the  pilot  trial.  It  might  be  construed  therefore  that  our  dosing 
estimations  are  conservative.  Although  it  is  likely  that  the  laboratory  results 
more  closely  parallel  a  real  world  situation  found  with  stale  cane. 

The  untreated  mixed  juice  was  almost  impossible  to  boil  and  could  not 
be  adequately  purged.  The  small  amount  of  sugar  that  could  be  recovered  was 
dark  in  color  and  needle  grained.. The  dextranase  treated  material  boiled 
normally  and  the  sugar  produced  was  both  square  and  light  in  color.  Dextran 
analysis  of  the  syrup  and  sugar  demonstrated  the  effectiveness  of  this  enzyme 
in  removing  dextran  from  cane  juice.  A  76%  reduction  in  dextran  content  by 


270 


Q 
LU 

> 

o 

z 

LU 

z 
< 

\- 
X 

LU 
Q 


80    - 


60    - 


40    - 


20    - 


DEXTRAN  REMOVAL 

DOSE  CALIBRATION  (0.7  U/ML) 


INCUBATION  TIME  CHIN) 


Figure  10.      Dose  calibration  curve,  Lipomyces  dextranase.  Effect  of  incubation 
time  on  removal  of  dextran  from  mixed  juice. 
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Haze  was  seen  between  treated  and  untreated  A  strike  sugar.  Increasing  the 
dextranase  dose  or  holding  time  would  possible  to  produce  sugar  with  a 
dextran  content  below  the  250  MAU  penalty  level. 

Commercial  Mill  Trial 

In  the  1989  Crop  year  Lipomyces  dextranase  was  tested  for  effectiveness 
at  Caldwell  Sugar  Mill.  Analyses  were  done  using  the  monoclonal  antibody 
technique  of  Clarke  (1988)  was  used  to  measure  dextran  content.  Initially  a 
static  test  was  conducted  on  3000  gal  of  mixed  juice.  Dextranase  solution 
(enzyme  content  40  lU/ml)  was  added  at  a  rate  of  0.34  ppm  on  Juice.  The 
decline  in  dextran  in  juice  with  time  is  shown  below. 


2000  n 


X 
GO 

c      1000  H 

CL 


ppm/Bx 


100 

Minutes 


200 


Having  established  the  efficacy  of  the  enzyme  solution  this  dextranase 
solution  was  pumped  continuously  underneath  the  third  mill  at  a  rate  of 
0.053ppm  on  juice  and  dextran  levels  monitored  as  the  juice  passed  the  juice 
heaters.  In  the  figure  shown  below,  dextranase  addition  started  as  the  point 
indicated  and  was  stopped  at  the  second  point  marked,  the  rise  in  dextran 
detected  after  the  initial  drop  sen  on  enzyme  addition  correlated  with  the  visible 
peeling  away  of  dextran  layers  on  the  sides  of  the  juice  trough. 
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ECONOMICS 

The  commercial  feasibility  of  the  production  of  dextranase  is  a  direct 
function  of  the  cost  of  production.  The  largest  portion  of  this  cost  is  in  the 
feedstock  necessary  to  produce  the  enzyme,  there  are  currently  three  possible 
available  feedstocks  for  producing  this  enzyme,  the  most  expensive  is  dextran, 
followed  by  glucose  -dextran  mixture  followed  by  starch..  The  relative  feedstock 
costs  for  producing  one  liter  of  (40  lU/ml)  dextranase  are  given  below 

PRODUCTION  COSTS-  LIPOMYCES   DEXTRANASE 


FEEDSTOCK 

Dextran  (1.0%) 
Glucose-Dextran  (0.1%) 
Starch 


$/ LITER  (40IU/ML) 

7.00 
1.52 
0.04 


Estimating  the  use  costs  on  the  production  cost  figures  given  above,  a 
6000  ton  per  day  factory  should  be  able  to  dose  all  of  its  mixed  juice  at  a  cost  of 
$23.04/  day  based  on  a  procution  cost  of  0.04  per  liter.  Even  a  doulbing  of  this 
price  (which  might  be  expected  if  the  enzyme  is  produced  by  a  per  profit 
commercial  firm)  is  not  an  excessive  amount  considering  the  costs  associated 
with  the  proesence  of  dextran  in  sugar. 

DISCUSSION 

Dextranase  produced  by  Lipomyces  starkeyi  (ATCC  20825)  was  purified 
in  a  five  step  procedure  that  gave  a  43.3-fold  increase  in  specific  activity.  The 
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molecular  weight  of  the  purified  enzyme  by  gel  filtration  was  found  to  be  68,000. 
SDS-PAGE  separated  the  dextranase  into  four  proteins  with  apparent 
molecular  weights  ranging  from  74,000  to  65,000.  These  values  differ 
considerably  from  the  value  of  23,000  reported  by  Webb  and  Spencer-Martins 
for  their  Lipomyces  dextranase.  Webb  and  Spencer-Martins  also  stated  that  the 
dextranase  they  purified  showed  a  single  band  by  SDS-PAGE,  and  they  were 
able  to  separate  their  dextranase  on  a  native  nondenaturing  PAGE  to  prove 
purity  .  The  dextranase  from  Lipomyces  (ATCC  20825)  did  not  migrate  uniformly 
in  a  native  PAGE.  Separation  by  the  technique  of  Webb  and  Spencer-Martins 
gave  an  an  active  protein  smear  throughout  the  gel.  This  sort  of  interaction  has 
also  been  reported  for  the  Chaetomium  dextranase  (Hattori,  1981). 

To  prove  purity,  the  protein  mixture  was  separated  on  an  agarose 
isoelectric  focusing  gel.  This  separation  resolved  5  protein  bands,  all  of  which 
had  dextranase  activity.  All  the  isoelectric  forms  were  kinetically  similar, 
exhibiting  the  same  Km.  Therefore  the  differences  in  physical  structure  seemed 
to  have  no  effect  on  the  gross  catalytic  characteristics. 

All  carbohydrates  tested  had  no  effect  on  enzyme  activity,  this  means  that 
this  enzyme  is  not  regulated  by  product  inhibition  as  was  the  Lipomyces 
dextranase  reported  by  Webb  and  Spencer-Martins  . 

The  temperature  and  pH  profiles  of  Lipomyces  (ATCC  20825) 
dextranase  mirrored  the  profiles  reported  by  Webb  and  Spencer-Martins. 
Although  the  stability  of  the  ATCC  20825  dextranase  at  60  °C  was  poorer  than 
the  IGC  4047  enzyme,  the  characteristics  of  the  Lipomyces  (ATCC  20825) 
dextranase  with  regard  to  the  effects  of  pH  and  temperature  on  activity  and 
stability  are  very  similar  to  that  of  the  Chaetomium  enzyme  (Hattori,  1981)  and 
the  Penicillium  enzyme  (Chaiet  et  al,  1970). 

The  purified  enzyme  showed  the  same  Km  values  as  reported  for  the  IGC 
4047  dextranase.  Both  exhibited  catalytic  constants  consistent  with  an 
endodextranase.  Although  there  is  significant  difference  between  the  enzymes' 
molecular  weight,  there  does  not  appear  to  be  catalytic  difference  between  the 
two. 

If  the  dextranase  eluted  from  a  CM-Sepharose  column  was  desalted  by 
dialysis,  ana  active  enzyme  aggregate  was  formed.  This  aggregate  does  not 
readily  dissociate  and  exhibits  a  molecular  weight  of  over  700,000.  The 
aggregate  will  not  dissociate  upon  the  addition  of  salt.  It  will  dissociate  upon  the 
addition  of  SDS,  although  the  dissociated  enzyme  is  not  active.  The  aggregate 
form  does  not  show  any  difference  in  apparent  Km  compared  with  the  native 
(68,000)  form. 

The  ATCC  20825  dextranase  was  a  glycoprotein  containing  8%  sugar. 
This  sugar  was  determined  to  contain  significant  amounts  of  mannose  by  lectin 
reactivity.  Differing  substitutions  of  the  carbohydrate  portion  of  this  enzyme  may 
be  an  explanation  for  the  multiple  molecular  weights  and  isoelectric  forms 
observed.  Penicillium  (Danilova  et  al,  1983))  and  Chaetomium  (Hattori  et  al) 
dextranases  are  both  glycoproteins.  The  Penicillium  enzyme  also  has  been 
shown  to  contain  a  large  amount  of  mannose  in  its  carbohydrate  moiety 
(Danilova  et  al,  1983). 

Purified  Lipomyces  dextranase  is  completely  inactivated  by  exposure  to 
mercuric  chloride.  It  was  possible  to  reactivate  the  enzyme  after  exposure  to  the 
mercuric  salt  by  addition  of  2-mercaptoethanol.  The  Penicillium  enzyme  also 
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has  a  requirement  of  a  sulfhydryl  group  for  activity  (Chaiet  et  al,  1970).  Mercuric 
chloride  had  the  same  effect  on  the  dextranase  from  Chaetomium  (Hattori  et  al, 
1981). 

The  specificity  of  the  endodextranase  of  L.  starkeyi seems  very  similar  to 
those  of  Penicillium  (Chaiet  et  al  ,1970),  Aspergillus  (Hiraoka  et  al,  1973), 
Chaetomium  (Hattori  et  al,  1970),  and  the  Lipomyces  enzyme  reported  by  Webb 
and  Spencer-Martins.  Following  the  progression  of  reaction  products  with  time, 
it  is  apparent  that  the  minimum  glucan  chain  length  that  will  be  hydrolyzed  by 
the  enzyme  is  four,  although  isomaltotetraose  was  not  hydrolyzed  as  quickly  as 
was  isomaltopentaose.This  Lipomyces  dextranase  shows  the  same  general 
properties  as  those  shown  by  other  fungal  dextranases,  making  it  a  potentially 
viable  commercial  enzyme. 

It  appears  that  the  natural  inducer  of  this  dextranase  is  an  a  1-6  linked 
glucan.  The  hierarchy  of  induction  of  dextranase  by  the  isomalto-series  was; 
isomaltotriose  >  isomaltopentaose  >  isomaltotetraose  >  isomaltose.  Usually 
most  low  molecular  weight  compounds  are  poor  inducers  of  extracellular 
polysaccharidases  as  these  compounds  normally  are  rapidly  degraded  to 
glucose  (this  organism  produes  a  cell  bound  a-glucosidase  at  the  same  time  it 
produces  dextranase-data  not  shown),  both  removing  the  inducer  and  at  the 
same  time  producing  catabolite  repression  (Koenig  and  Day,  1988).  The 
reported  reaction  time  course  on  growth  of  the  organism  on  dextran  showed  the 
rapid  appearance  of  isomaltose  and  the  slow  disappearance  of  this  compound 
(Novo,  1977).  Isomaltopentaose  exhibited  the  second  highest  induction 
potential.  The  hydrolysis  products  of  the  Lipomyces  starkeyi dextranase  acting 
on  isomaltopentaose  are  isomaltotriose  and  isomaltose.  Isomaltotetraose  is 
cleaved  by  this  dextranase  into  two  molecules  of  isomaltose,  however  it  does 
not  induce  dextranase  as  effectively  as  does  isomaltotriose.  In  fact,  the  levels  of 
enzyme  induced  by  isomaltotetraose  were  closer  to  those  of  isomaltose  than 
those  of  isomaltotriose.  It  is  likely  that  isomaltotriose  is  the  actual  inducer  of  this 
enzyme. 

For  most  extracellular  enzymes,  non-metabolizable  (gratuitous)  inducers 
have  not  been  reported.  ,B-Methylglucoside  (BMG),  turned  out  to  be  a  gratuitous 

inducer  for  this  dextranase.  oc-Methyl-glucoside  (AMG)  also  induced 
dextranase,  but  it  was  metabolized  by  this  Lipomyces,  and  thus  cannot  be 
considered  to  be  a  gratuitous  inducer.  BMG  induced  production  of  dextranase 
to  a  level  three  times  that  of  AMG  induced  cells.  This  however,  is  probably  a 
function  of  inducer  clearance  rather  than  of  hyper-induction. 

BMG  induced  cells  continued  to  produce  enzyme  for  up  to  12  h  after 
addition  of  the  inducer.  Production  probably  stopped  at  this  point  due  to 
exhaustion  of  the  (0.1%  w/v)  glucose  carbon  source.  There  were  no  detectable 
reducing  sugars  in  the  culture  broth  after  12  h  of  incubation  in  the  resting  cell 
cultures.  The  three  inducers  tested,  dextran,  AMG,  and  BMG  all  appeared  to  act 
in  the  same  manner  implying  that  the  mechanism  of  induction  was  the  same  for 
these  inducers,  and  the  decreased  amounts  of  enzyme  produced  by  dextran 
and  AMG  induced  cells  was  due  to  inducer  clearance. 

Even  though  BMG  is  a  gratuitous  inducer,  it  is  not  an  economical 
compound  for  use  in  large  scale  production  of  dextranase.  Dextran  was  the 
inducer  of  choice  for  commercial  production  from  the  derepressed  strain  of  L. 
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starkeyi  (ATCC  20825).  To  obtain  maximum  dextranase  yields,  the  time  for 
inducer  addition  in  the  fermentation  is  critical.  Cells  induced  in  the  late 
exponential  phase  of  growth  produced  the  most  dextranase.  Optimum 
productivity  of  dextranase,  for  the  derepressed  mutant  grown  on  glucose  was 
obtained  when  0.1%  dextran  was  added  at  a  cell  concentration  of  8  x  108 
cells/ml. 

Young  cells  had  a  higher  capacity  for  enzyme  production  than  older 
cells.  In  fact,  the  specific  production  of  dextranase  plateaued  during  early 
exponential  phase,  corresponding  to  the  dramatic  decrease  in  enzyme  yields 
seen  at  the  same  point  in  culture  age.  The  increase  in  enzyme  yield  after  this 
point  was  due  to  the  increase  in  the  number  of  individuals,  not  an  increase  in 
specific  production  values.  The  inability  of  older  cells  to  produce  as  much 
enzyme  (specific  production)  as  younger  cells  may  be  due  to  respiratory 
repression,  which  is  a  common  phenomenon  in  fungi.  It  is  highly  likely  that  the 
use  of  continuous  culture  for  this  fermentation  system  would  give  even  higher 
productivity  that  we  have  achieved  in  batch  culture 
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